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Distribution statement for AFCEE/ERT reports Page 1 of 1

Walton, Norman
From: Hansen, Jerry E, Mr, HQAFCEE [Jerry. Hansen@HQAFCEE.brooks. af. mil]

Sent:  Tuesday, August 08, 2000 10:16 AM

To: 'nwalton@dltic. mil’
§ubject: Distribution statement for AFCEE/ERT reports

Norman, This is a followup to our phone call. The eight boxes of reports you received from us are all for
unlimited distribution. If you have any questions, you can contact me at DSN 240-4353.

08/08/2000




DEPARTMENT OF THE AIR FORCE
AIR FORCE BASE CONVERSION AGENCY

18 September 1998

AFBCA/DD Homestead
29050 Coral Sea Blvd., Box 36
Homestead AFB, Florida 33039-1299

Florida Department of Environmental Protection
Twin Towers Office Building

2600 Blair Stone Road

Tallahassee, Florida 32399-2400

ATTN: Mr. Jorge R. Caspary, P.G.

RE: Final Corrective Action Plan for the Risk-Based Remediation of Site SS-15A
Homestead Air Force Base, Florida

The reference document is now final. Attached are responses to FDEP and DERM
comments on the draft document. If you have any questions, please contact Rita Chan at

(305) 224-7119.

THOMAS J. BARTOL
BRAC Environmental Coordinator

Attachment:
1. Response to Comments
2. Final CAP for SS-15A

cc: USEPA, Doyle Brittain
DERM, James Carter/Charles Hallas (2)
Montgomery Watson, Jerry Gaccetta
HQ AFBCA/DD, Andrew Mendoza
HQ AFCEE/ERB, Roy Willis
482 SPTG/CEV, John Mitchell



PARSONS ENGINEERING SCIENCE, INC.

MEMORANDUM
August 28, 1998

To: Mr. Sam Taffinder (AFCEE/ERT), Mr. Tom Bartol (AFBCA/DD-
Homestead), and Ms. Rita Chan (AFBCA/DD-Homestead)

From: Doug Downey and John Hicks, Parsons Engineering Science, Inc.
Subject: Responses to FDEP and DERM Review Comments on the Draft Final

Corrective Action Plan for the Risk-Based Remediation of Site SS-15A,
Homestead AFB, Florida

Response to Comments Received from the Florida Department of Environmental
Protection on the Draft Final Corrective Action Plan for the Risk-Based
Remediation of Site SS-15A

The following verbal comments were received during the BRAC Cleanup Team (BCT)
meeting held on 13 May 1998 at Homestead AFB, FL. The comments were taken
directly from the meeting minutes. Our response to each comment follows.

1. Comment: Mr. Greg Brown, FDEP, said the range of cleanup alternatives for risk
at the site all seemed to be reasonable and acceptable approaches. He asked that the
timeframes be calculated for the three alternatives to attain Tier 1 criteria just as they
have been calculated for Tier 2 criteria.

Response: Concur. The time frame for natural attenuation alone to attain Tier 1 target
cleanup levels for groundwater were estimated for benzo(a)pyrene (27 years) and benzene
(6 years). This information was presented in Section 6.6.3.4. At FDEP’s request, the
estimated timeframe for natural attenuation alone to achieve Tier 1 criteria will also be
included in the discussion of Alternative 1 on pages 9-3 and 9-10. (Note: Because the
Tier 2 SSTLs calculated for benzo(a)pyrene are essentially the same as the Tier 1 criteria,
the timeframes for each alternative to attain Tier 1 will not change from the current
estimates.)

2. Comment: Mr. Brown suggested that the long-term monitoring plan include a
condition for the short-term significant hydrologic impact of exceptional storm events
(e.g. tropical storms).

s:\es\remed\rskbsd\homested\communic\comresp2.doc



PARSONS ENGINEERING SCIENCE, INC.

Memorandum To Mr. Sam Taffinder, Mr. Tom Bartol, and Ms. Rita Chan

Page 2

Response: The long-term monitoring plan (Section 10.3.5.3) will be modified to
include a sentence stating that “In the event of a hurricane, the groundwater and nearby
surface water will be monitored within six-months following the storm to assess the
impact on this otherwise stable plume.”

3. Comment: In response to DERM’s request for data to support the 30-day
construction exposure scenario, Mr. Brown suggested that Parsons ES contact Captain
McLain at Eglin AFB. Eglin AFB has an approved and validated construction scenario
that has FDEP s approval (for active bases).

- Response: Mr. Downey contacted Capt McLain and obtained a copy of the
approved construction worker exposure scenarios. Since these exposure criteria
‘ already have FDEP approval for active installations, they will be used to
recalculate construction worker target levels for soils and groundwater in Section 7
of the document. Per telephone conversations with FDEP’s Mr. Caspary, these
target levels can still be used to focus remediation efforts for areas that will remain
under Air Force control, but should not be used as final cleanup criteria for areas
that will be transferred out of Air Force control. FDEP’s position is that it will be
difficult to control the duration of exposure for construction workers after the land
transfers from Air Force control.

The Air Force agrees to use the Eglin AFB construction exposure scenario to
determine site specific target levels for property retained by the Florida Air
National Guard (FANG). A discussion and a map will be added to Section 10 of
the CAP to delineate:

- the area to be retained by the FANG where Tier 2 SSTLs will be applied as
cleanup criteria.

- Areas that do not meet Tier 1 industrial cleanup criteria and will require

engineering/institutional controls until Tier 1 criteria are attained through natural
attenuation.

s:\es\remed\rskbsd\homested\communic\comresp2.doc 09/18/98 3:23 PM
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- Areas that currently meet Tier 1 cleanup criteria and can be transferred with
minimal industrial land use engineering/institutional controls.

The following additional comments were extracted from the 15 July 1998 letter from
FDEP to Mr. Tom Bartol on the subject of the applicability of Tier 2 cleanup criteria at
this site. »

4. Comment: “The Department Jelt that the proposed exposure durations and
Jrequency and other parameters (see attached letter from Steve Roberts dated 6/1 1/98)
lacked proper justification and more importantly, FDEP’s contract toxicologists felt that
the applicability of the chronic exposure equation for soils could not be readily
extrapolated for short-term exposures as those addressed in the subject document.”

Response: Two issues are raised by this comment. The first issue is providing
justification for the exposure assumptions used for the construction worker scenario.
Parsons ES intends to use the construction worker exposure assumptions that have been
approved for active Air Force facilities (i.e. the Eglin AFB exposure assumptions that
have FDEP approval). The second issue has to do with the appropriateness of using the
EPA chronic exposure equations to determine the risk of soil contaminants during short-
term exposures. Parsons ES understands this concern. The risk of soil and groundwater
contaminants could also be estimated by using acute exposure criteria that are available
for some contaminants and generally fit under the OSHA workplace safe exposure
umbrella. FDEP’s desire to rely on engineering and institutional controls (such as OSHA
worker safety standards) rather than calculated SSTLs. We believe that this response
adequately addresses the concerns raised in the University of Florida letter.

S. Comment: “The Department has opted, and communicated to the AFBCA’s
personnel and consultants, that it prefers the issue (of site-specific cleanup levels for
Juture construction workers) be shifted to the arena of engineering and institutional
controls. In other words, due to the uncertainties with regard to risk calculations for
construction — worker  scenarios, the Department would rather rely on
institutional/engineering controls for those areas where the health risk Jrom exposure to
contaminated soil is for short term exposures only due to (a disturbance) to the
asphalt/concrete cap...”
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Response: Based on FDEP’s Petroleum Contamination Site Cleanup Criteria
(Chapter 62-770.680) a “No Further Action With Conditions” may be granted at a site
that has engineering controls such as a permanent cover and where groundwater
contamination is limited to the immediate vicinity of the source area and at least one year
of monitoring data has documented plume stability. Based on FDEP’s 15 July 1998
letter, we assume that this justification could be used to pursue a “No Further Action
With Conditions” closure at Site SS-15A.

6. Comment: “4s discussed in our 13 June 1998 teleconference, this decision should
not impede the AFBCA from proceeding with remediation of soil and groundwater in
those areas on the flightline deemed by Parsons ES as exceeding the 30-day exposure
criteria (for construction workers). As discussed, once the soil and groundwater removal
operation is accomplished, then the Department expects that the transfer document for
the flightline will include language indicating that should the asphalt/concrete cover
need to be disturbed, that construction workers will be notified that petroleum
contamination is present at the site and that they need fo use proper protective equipment
based on OSHA requirements.”

Response: Based on this comment, Parsons ES intends to retain Section 7 of the
existing CAP but modify it so that 1) soil and groundwater target levels are based on the
Eglin AFB exposure assumptions; 2) explain that these target levels are intended to guide
the cleanup of areas with higher risk and will be used as cleanup criteria for areas which
will remain under Air Force control (FANG area).

Parsons ES intends to demonstrate that the Tier 1 cleanup criteria of 2500 mg/kg for
Total Recoverable Petroleum Hydrocarbons (TRPH) should be waived at this site due
to the highly weathered nature of the fuel residuals. The following text will be added
to Section 4.3.1.1 “Based on the precedent set for adjacent Site SS-15B, the Air Force
is requesting a waiver to the Tier I TRPH TCLs for Site SS-15A. The TRPH found in
Site SS-15A should be of the same as Site SS-15B. SS-15B contains the jet fuel
pumphouses that feed fuel into the Site SS-15A fuel distribution lines. The Tier 1
Direct Exposure II TCL for TRPH in soil (industrial worker exposure scenario) is
based on the most conservative and health protective carbon range that can be detected
by the FL-PRO analytical method, the >C, to C,, range. To assess whether the Tier 1
TCL was an appropriate cleanup goal for the adjacent Site SS-15B, 44 soil samples
were collected at Site SS-15B in October 1997 and analyzed TRPH using the FL-PRO
method (OHM, 1997). The TRPH concentrations were broken down by the analytical
laboratory into five carbon-group classes, including C4-Cpy, >CCpp, >Cpp-Cyg,
>C,-C,;, and >C,;. TRPH concentrations detected in 11 of the 44 Site SS-15B soil
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samples exceeded the Direct Exposure II TCL of 2,500 mg/kg; concentrations in these
11 samples ranged from 2,800 mg/kg to 7,600 mg/kg. However, total concentrations
of C4-C,, hydrocarbons in these 11 samples ranged from 126 mg/kg to 403 mg/kg, and
did not exceed the Direct Exposure I TCL . The analytical results indicate that C4-Cy
hydrocarbons represented 4.1 percent to 9.8 percent of the TRPH. The low percentage
of volatile, low-molecular-weight aromatics present in the fuel is confirmed by the low
magnitude of the total BTEX concentrations, which constituted less than 0.1 percent to
0.5 percent (average 0.3 percent) of the TRPH by mass . Based on the TRPH
classification, the primary TRPH was >C,;,-Cjs, which have relatively low toxicities
(FDEP, 1997). The OHM (1997) report concluded that, based on the TRPH carbon
group classification, TRPH did not appear to be a cleanup driver for the site.

A total of 20 TRPH concentrations detected in soil samples at Site SS-15A have
exceeded the Tier 1 TCL of 2,500 mg/kg. With the exception of soil from AP8-SB6
(TRPH = 15,000 mg/kg), TRPH concentrations detected in these samples (2,600
mg/kg to 9,600 mg/kg) are similar to those detected in the Site SS15B samples.
Although the TRPH concentrations determined for Site SS-15A in March 1994 and
October 1997 were not broken down by carbon-group classes, very low total BTEX
concentrations were observed relative to the TRPH concentrations. This indicates that,
similar to Site SS-15B, C;-C,, hydrocarbons in Site SS-15A soils are also insignificant.
Total BTEX concentrations in Site SS-15A soil samples collected in 1994 ranged from
less than 0.1 to 4.4 percent of the TRPH concentrations by mass (average 0.6 percent).

Four soil samples collected at Site SS-15A in October 1997 contained detectable
concentrations of TRPH that ranged from 21 mg/kg to 200 mg/kg. The maximum total
BTEX concentration detected in these four samples was 0.0197 mg/kg, which is
approximately 0.1 percent of the TRPH concentration detected in the same sample (see
Section 5). The 1997 data indicate that the percentage of TRPH consisting of low-
molecular-weight, volatile compounds (e.g., BTEX) is decreasing over time at Site SS-
15A due to preferential attenuation (via biodegradation and volatilization) of the more
volatile compounds. Based on the detailed analysis of TRPH completed at Site SS-
15B, and the supporting results at Site SS-15A, the Air Force does not consider the
Tier 1 TCL of 2500 mg/kg to be valid indicator of risk for this highly weathered jet
fuel. Specific analysis of VOCs, SVOCs, and PAHs at the site have been used to more
accurately identify Tier 1 soil chemicals of potential concern.”

Based on this TRPH waiver, AFBCA intends to identify areas of SS-15A which meet all
other Tier 1 soil criteria. The institutional controls recommended for these areas should
be less restrictive than in areas where soils exceed Tier 1 industrial criteria. General
institutional controls will be included in land transfer documents to ensure future
construction worker protection. The exact language will be worked out by AFBCA’s
legal counsel.
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Response to Comments from Dade Environmental Resource Management Group
letter dated 15 May 1998

Risk-Based Issues
A. Groundwater

1. Comment: Please provide the rationale for not including incidental ingestion and
inhalation of volatile organic compounds from groundwater.

Response: The Tier 2 site-specific target levels (SSTLs) will be recalculated using
construction worker exposure assumptions developed for use at Eglin AFB, Florida
(McLain, 1998). The exposure pathways that will be incorporated in the new SSTLs
include dermal exposure and incidental ingestion. Section 7 of the final Corrective
Action Plan (CAP) will explain that the SSTLs will be used as cleanup criteria for areas
that are to remain under Air Force control. They can also be used to guide the cleanup of
ereas that will be transferred from Air Force control, but are not intended to be final
cleanup criteria. The Tier 1 target cleanup levels (TCLs) listed in Section 4 of the CAP
will be considered as the final cleanup criteria for transferred land.

2. Comment: Vinyl Chloride and/or TCE levels higher than primary drinking water
standards have been consistently detected in the groundwater throughout the monitoring
period. These compounds must be addressed.

Response: During the 4 sampling events performed from January 1997 to January
1998 (year 2 quarter 1 to year 2 quarter 4), vinyl chloride (VC) concentrations exceeded 1
pg/L at least once in four wells at apron lines AP15 and AP17. Detected VC
concentrations ranged up to 5 ug/L. During the same time period, the maximum detected
TCE concentration was 3 pg/L at apron lines AP17 and AP18. These chlorinated
aliphatic hydrocarbons (CAHs) are not typical fuel constituents, and therefore do not
appear to be related to the jet fuel distribution system. The concurrent detections of cis-
1,2-DCE (a common daughter product resulting from the reductive dechlorination of
TCE) and VC (a daughter product resulting from the reductive dechlorination of DCE) in
groundwater indicate that anaerobic, microbially-mediated, reductive dechlorination of
CAHs is occurring. Under highly reducing, methanogenic conditions, VC may be
reductively transformed to ethene, a non-toxic end-product. As described in Section 6.4.8
of the draft final CAP, evidence of localized methanogenic conditions in Site SS-15A
groundwater is present. Given the isolated occurrence and low magnitude of the CAH
concentrations, the evidence that reductive dechlorination is occurring, and the lack of
clearly-defined sources, remediation by natural attenuation (RNA) is the preferred
remedial alternative for these compounds. Biannual analysis for CAHs is recommended
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at wells AP15-MW37 and AP17-MW40 and will be included in the long-term monitoring
(LTM) plan.

3. Comment: In addition, TRPH levels higher than Groundwater Target Cleanup
Levels developed in Chapter 62-770. F.A.C., have been detected in the groundwater and
must be addressed.

Response: During the January 1997 sampling event (the last event that included
analysis of TRPH), TRPH concentrations exceeded the Table V Target Cleanup Level
(TCL) and Table IX Natural Attenuation Source Default Value in two wells (AP11-
MW14 and AP26-MW75) and 1 well (AP11-MW14), respectively. Engineered
remediation has been recommended for the area surrounding AP26-MW75; therefore,
only TRPH at AP11-MW14 remains of potential concern. Groundwater from this well
has been analyzed for TRPH five times since monitoring began in October 1995. The
most recent analysis result (January 1997, 76 mg/L) was the only value that exceeded the
Natural Attenuation Source Default value of 50 mg/L. This well will not be included in
the LTM program. A single exceedence of the Natural Attenuation Source Default Value
. is not sufficient justification for continued monitoring at this location given the future
industrial use of the site, the presence of institutional controls, and the relative immobility
of the dissolved contaminants.

B. Soil

4. Comment: The use of alternative soil cleanup target levels is justified based on the
presence of an engineering control (pavement) in accordance with Rule 62-770-680(2)c4.
Be advised, however, that an institutional control in the form of a Deed Restriction is
required, which prohibits removal of the engineering control. Removal of institutional
and engineering controls require prior departmental approval and must be accompanied
by active cleanup, unless the required reassessment reveals that the applicable cleanup
target levels have been achieved.

Response: The Air Force is aware of the Deed Restriction requirement.

5. Comment: The FDEP industrial worker default values for exposed skin surface
area and soil ingestion rates may not be appropriate for the construction worker. The
industrial worker is assumed to be an indoor/office worker. The construction worker
could potentially intake greater amounts of soil and would likely wear different type of
clothing, exposing a greater skin surface area. DERM recommends using an ingestion
rate of 480 mg/kg (Hawley, JK., 1985) and an exposed skin surface area for the head,
hands and forearms, minimally. However, alternate values may be proposed with the
appropriate references.
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Response: As described in the response to comment 1, the SSTLs will be recalculated
using the Eglin AFB exposure assumptions; these assumptions have been reviewed and
approved by the FDEP. For soil exposure, an exposed skin surface area of 5,300 cm” and
an ingestion rate of 480 mg/day will be used to compute reasonable maximum exposure
(RME) SSTLs. For groundwater exposure, a skin surface area of 5,300 ¢cm’ and an
ingestion rate of 0.005 L/hr will be used.

6. Comment: As indicated in all previous MPO Quarterly review letters, the soil
assessment/delineation for TRPH is incomplete and must be addressed.

In addition, it is recommended that areas with TRPH concentrations exceeding
Industrial Direct Exposure Soil Cleanup Target Levels identified during the initial
assessment using EPA Method 9071 are re-sampled utilizing FL-PRO. Use of the FL-
PRO including carbon range speciation will present a more accurate representation of
TRPH contaminant concerns on site and may provide for the development of more cost
effective solutions (i.e., reduction in the areal extent of the TRPH plume exceeding
Chapter 62-770, F.A.C. soil cleanup target levels). In addition, leachability concerns
must be addressed if Soil Cleanup Target Levels for leachability are exceeded. This may .
be addressed through SPLP sampling or through engineering controls (i.e., maintaining
the surface seal) in conjunction with institutional controls.

Response: See the response to FDEP comment No. 6 for discussion of requested
waiver of Tier 1 TRPH criteria. Soil TRPH concentrations exceeded the Tier 1
leachability TCL numerous times, indicating that groundwater impacts may be
unacceptable. However, in January 1997 (the last event that included analysis of
TRPH), groundwater TRPH concentrations in only two wells exceeded the Tier 1 Table
V TCL (one of these detections was in an area that will be remediated), and
concentrations in only 1 well exceeded the natural attenuation source default value
(although not all samples were analyzed for TRPH). The TRPH consists primarily of
heavy, longer-chained PAHs that are relatively immobile in the subsurface, and
migration risks are negligible. The available data indicate that the detected soil TRPH
concentrations are not having significant adverse impacts on groundwater quality.
Given the strong evidence that biodegradation of petroleum hydrocarbon compounds is
occurring in the subsurface beneath the site, TRPH concentrations will decrease over
time. Maintenance of the pavement cap and use of other institutional controls and deed
restrictions will minimize leaching and prevent improper exposure to contaminated
media. Further definition of the extent of soil TRPH contamination will not alter these
conclusions.
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7. Comment: Please provide the rationale for selecting exposure frequencies of 60,
30 and 5 days/year and an exposure duration of 1 year. The values for these variables
must be based on site-specific, historical information and must consider the potential for

cumulative exposure of an individual contractor to multiple contaminated sites within the
HARB.

Response: The SSTLs will be recalculated using exposure frequencies derived for
use at Eglin AFB and accepted by the FDEP (180 days/yr for soil and 46 days/yr for
groundwater) (McLain, 1998). These values reportedly are based on studies of actual
conditions during typical construction activities. (Reference: McLain, Captain.
Tables received from Eglin AFB, Florida with construction worker exposure
assumptions. June 12, 1998).

Source Reduction Issues

8. Comment: Details of the procedures to be implemented during any soil removal
must be submitted in a Remedial Action Plan prepared in accordance with Chapter 62-
770 F.A.C. These details must include but not be limited to:

1. The frequency of samples using a field screening technique (OVA), and the
endpoint goals of the field screening during soil excavation. '

2. The frequency of confirmatory analytical samples and proposed parameters,
elc.

3. The design calculations for the treatment of the water to be pumped from the
excavations must be included in the Remedial Action Plan.

Be advised that in all cases where groundwater is withdrawn from the aquifer, the
DERM strongly recommends the use of on site recharge in order to conserve the
groundwater resources of Miami-Dade County. If sanitary sewer is the only feasible or
cost effective alternative, the location and construction details of the connection must be
submitted in order to determine if this alternative is acceptable.

Response: A remedial action plan outlining excavation procedures will be submitted
for review prior to any soil removal. The use of on-site recharge will be considered.
However, the selected remedial alternative includes aggressive pumping from a 30- by
30-foot excavation for 2 weeks (estimated total of 300,000 gallons to be extracted).
Recharge of this water would be technically infeasible without concurrent construction of
an extensive recharge gallery given the large volume of water that will potentially be
removed during a short time period. Construction of such a gallery would add
significantly to the cost of the remedial action and is not warranted given the short-term
nature of the remedial action.
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EXECUTIVE SUMMARY

GENERAL OVERVIEW

A limited site investigation addressing soil and groundwater contaminated with fuel
hydrocarbons at Site SS-15A, Homestead Air Force Base (AFB), Florida, was
conducted by Parsons Engineering Science, Inc. (Parsons ES). Field work was
conducted to supplement previous investigations and to complete the corrective action
plan (CAP) presented in this report in support of a risk-based remediation decision for
Site SS-15A. Characterization field efforts for this investigation were conducted in
October 1997. An in situ bioventing pilot test also was performed at Site SS-15A to
determine the effectiveness of this remedial technique in treating site-related

contamination.

The risk-based demonstration at Site SS-15A is sponsored by the United States (US)
Air Force Center for Environmental Excellence (AFCEE) at Brooks Air Force Base,
Texas under Air Mobility Command (AMC) contract F11623-94-D-0024, Delivery
Order RL39, and is a component of a multi-sitt AFCEE initiative. The purpose of this
initiative is to demonstrate how quantitative fate and transport calculations and risk
evaluation, based on site-specific data, can be integrated. = Consequently, this
integration allows for rapid determination of the type and magnitude of corrective
action required at a site to minimize contaminant migration, receptor exposure, and
subsequent risks to potential receptors. Risk-based remediation is designed to combine
natural physical, chemical, and biological processes with low-cost source reduction
technologies such as limited excavation and in situ bioventing to economically reduce
potential risks to human health and the environment posed by subsurface petroleum fuel

spills.

Site SS-15A is a flightline apron located in the southeastern portion of the Base and
encompasses an asphalt and concrete covered area approximately 7,600 feet long and
1,130 feet wide. The site contains 26 abandoned underground jet fuel distribution lines

ES-1
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(AP-4 through AP-29). The lines were installed beginning in 1956, and were
abandoned in late 1993 and early 1994. The fuel hydrocarbon contamination in soil
and groundwater at Site SS-15A (primarily JP-4 jet fuel) occurs in a number of isolated
areas beneath the flightline apron and generally in the vicinity of fuel line valve boxes.
Because of the flat groundwater hydraulic gradient, migration of dissolved contaminant
plumes does not appear to have occurred to any appreciable extent. Analytical results
for vertical extent wells indicate that the dissolved contamination is limited to the

shallow portion of the surficial aquifer.

One objective of the CAP is to document any potential current risks to human health
and the environment (i.e., ecological receptors) due to exposure to chemical
contaminants originating from Site SS-15A. The CAP also addresses the potential
future risks to human and ecological receptors due to exposure to chemical
contaminants over time, accounting for the effects of natural chemical attenuation
processes. The overall objective of the CAP is to develop and present a recommended
risk-based remedial approach for fuel hydrocarbon contamination in soils and
groundwater at Site SS-15A that is protective of both buman health and the

environment.

OVERVIEW OF PROJECT ACTIVITIES

It is the intent of the Air Force to pursue a risk-based remediation of Site SS-15A in
conformance with the tiered-approach framework established by the Florida Department
of Environmental Protection (FDEP) (1997). The activities conducted pursuant to 1)
determining the need for and type of any interim corrective action, and 2) establishing
the level of evaluation necessary to define risk-reduction requirements at this site

included characterizing:

« The nature and extent of fuel hydrocarbon contamination in selected portions of

the site;

« The locations of potential groundwater discharge areas;

ES-2
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« The local geology and hydrogeology that may affect contaminant transport;

« The proximity of the site to drinking water aquifers, surface water, and other

sensitive environmental resources;

» The expected persistence, mobility, chemical form, and environmental fate of
contaminants in soils and groundwater under the influence of natural physical,

chemical, and biological processes;

« The current and potential future uses of the site and its vicinity, including
groundwater, and the likelihood of exposure of receptors to other potentially

impacted environmental media over time;

« The potential risks associated with chemical contamination under current and

foreseeable future conditions;

« The long-term target remedial objectives and chemical-specific concentration

goals required to protect human health and the environment; and

« The treatability of residual fuel hydrocarbon contamination using low-cost source-

reduction technologies such as limited excavation and bioventing.

RESULTS OF RISK-BASED ANALYSIS

Several remedial approaches that rely both on natural processes and on engineered
solutions were evaluated for the site. A site-specific exposure pathways analysis
involving environmental media impacted by chemical contamination at Site SS-15A was
completed to assess whether existing and predicted future concentrations of hazardous
substances would pose a threat to current and foreseeable future onsite or offsite
receptors. The site-specific exposure pathways analysis indicates that only onsite
intrusive workers could reasonably be exposed to significant concentrations of site-

related contamination.

ES-3
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Concentrations of several fuel hydrocarbons measured at Site SS-15A slightly exceed
applicable Tier 1 target cleanup levels (TCLs) (FDEP, 1997). Tier 1 TCLs are generic
risk-based concentrations that are used as a screening tool to initially determine what
chemicals of potential concern (COPCs) might exist in an unrestricted industrial land
use scenario. Because the long-term remediation objective of this site is to use this
property for unrestricted industrial use, FDEP has requested that the ultimate cleanup
goal for this site is to achieve Tier 1 TCLs. The analytes with Site SS-15A
concentrations above the Tier 1 screening levels include benzene, ethylbenzene,
xylenes, methyl tert-butyl ether (MTBE), naphthalene, several polyaromatic
hydrocarbons (PAHs) and total recoverable petroleum hydrocarbons (TRPH). This
CAP requests a waiver from Tier 1 TCLs for TRPH based on the low mass fraction of

BTEX and other C; - C,,compounds remaining in these jet fuel residuals.

The Florida Air National Guard (FANG) will continue to control and operate from
the northern end of Site SS-15A. This continuation of Air Force control allows for
more oversight of future construction workers in the FANG area, and limitations on
their exposure to any contaminated soil or groundwater. In addition to the generic Tier
1 evaluation, a Tier 2 evaluation was conducted to develop alternate site-specific target
levels (SSTLs) to guide corrective actions to be implemented in the FANG area.
These SSTLs are based upon construction worker exposure scenarios that have been
approved by FDEP for active Air Force installations. SSTLs were also used to
determine if there were other areas within Site SS-15A that posed a significant threat to
intrusive construction workers. Comparison of Site SS-15A contaminant
concentrations to site-specific Tier 2 SSTLs indicated that the maximum detected
concentrations of benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene
measured in groundwater between December 1996 and October 1997 exceeded their
respective health-based groundwater SSTLs. These exceedences were concentrated
within the FANG area indicating a potential need for remediation to protect future

construction workers. Minor exceedences of Tier 2 soil SSTLs were detected for
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benzo(a)pyrene and dibenz(a,h) anthracene, but these were scattered and only appeared

to impact groundwater in the FANG area.

A site-specific chemical fate assessment was completed to identify the potential for,
and risks associated with, exposure to chemical contamination over time at the site.
The potential for receptor exposure to‘chemical contamination at Site SS-15A over time
depends on future site conditions and the persistence, mobility, chemical form, toxicity,
and fate of site-related contaminants. Site characterization data relevant to documenting
natural chemical attenuation, specifically bioattenuation, were collected and are
documented in this CAP. Fate and transport model results were used to predict the
exposure-point concentrations of indicator compounds (benzene and benzo(a)pyrene)

over time at the site.

Although site-specific data indicate that groundwater COPCs are being reduced in
mass, concentration, and toxicity by natural chemical attenuation processes, the
BIOSCREEN model developed for the site suggests that concentrations of dissolved
benzene and benzo(a)pyrene will not be reduced below their Tier 1 TCLs or SSTLs at
every point at the site for up to 6 years and 27 years, respectively, unless some type of
source removal is undertaken in the FANG area. Additionally, this model predicts that
benzene, which is the most mobile of the simulated COPCs, will not migrate more than
approximately 50 feet from the source area. Therefore, attainment of Tier 1 TCLs in
groundwater could take up to 27 years if only natural chemical attenuation with LTM

were implemented at this site.

RECOMMENDED REMEDIAL ALTERNATIVE

The recommended remedial alternative for all areas of Site SS-15A with Tier 1
exceedences is continued institutional controls to ensure the protection of any future

workers involved in excavation activities, and continued groundwater monitoring to

" confirm that natural attenuation is reducing COPC concentrations and limiting

migration. These controls should be included in land transfer documents for areas of
the site that will be transferred from Air Force control.
ES-5
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Because soils and groundwater within the FANG area exhibited a greater number of
Tier 1 and SSTL exceedences, two remedial alternatives that incorporate engineered
source reduction were developed to more rapidly achieve the desired contaminant
reductions. The comparative remedial analysis presented in this CAP indicates that the

best combination of risk reduction and low cost remediation can be achieved by

-excavating source area soils in two FANG areas (AP-26 and AP-27) and pumping

groundwater from the excavations for a limited period (approximately 2 weeks per
excavation area). Excavation of source area soils would rapidly and relatively
inexpensively remove the source of dissolved groundwater contamination. This
activity, in combination with intensive short-term groundwater extraction, would
remove both residual and dissolved contaminants, and has the potential to achieve
health-protective Tier 1 TCLs and SSTLs for groundwater within 3 years of
implementation of this alternative. To confirm that the predicted degree of remediation
is being attained and to ensure that no unacceptable receptor exposures to chemical
contamination could occur at the site, a long-term monitoring plan is included in this

CAP.
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P.E. CERTIFICATION

The initial corrective action plan for Site SS-15A located at Homestead Air Force
Base (AFB), Florida has been reviewed. The Florida Department of Environmental
Protection (FDEP) facility ID number for this site is 138521996.

I hereby certify that, in my professional judgment, the components of this initial
corrective action plan satisfy the requirements set forth in Chapter 62-770, Florida
Administrative Code (FAC). The engineering design features incorporated in this plan
provide reasonable assurances of achieving the alternative, site-specific cleanup levels
for groundwater derived for this site per Chapter 62-770.650. To the best of my

knowledge, this plan is free of errors and omissions.

Signature W /

F/Ora‘c/a 2/941

P.E. Registration
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Date
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SECTION 1
INTRODUCTION

1.1 PURPOSE AND SCOPE

Parsons Engineering Science, Inc. (Parsons ES) was retained by the United States
(US) Air Force Center for Environmental Excellence (AFCEE) to prepare a corrective
action plan (CAP) in support of a risk-based remediation decision for soil and
groundwater contaminated with fuel hydrocarbons at Site SS-15A at Homestead Air
Force Base (AFB), Florida. Site SS-15A, the Flightline Apron, encompasses an asphalt-
and concrete-covered area approximately 7,600 feet long and 1,130 feet wide. The site
contains 26 abandoned underground jet fuel distribution lines (AP-4 through AP-29).
Fuel releases from leaking underground fuel distribution lines and re/defueling valve
boxes located along these lines, have contaminated site soil and groundwater with fuel

hydrocarbons.

Risk-based remediation is designed to combine natural physical, chemical, and
biological processes with low-cost source reduction technologies such as limited
excavation and in situ bioventing, as necessary, to economically reduce potential risks
to human health and the environment posed by subsurface petroleum fuel spills. For

any chemical to pose a risk, four elements must exist at the site:

« A source of chemical contamination that exceeds or could generate chemical

contamination above health-protective or aesthetic standards;
« A mechanism of contaminant release;

* A human or ecological receptor and a receptor exposure point; and

1-1
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» A completed pathway through which that receptor will contact the chemical.

If any one of these four elements is absent at a site, there is no current risk. The
reduction or elimination of risk can be accomplished by limiting or removing any one

of these four elements from the site.

The goal of this CAP is to find and document the most cost-effective method of
reducing present and future risk by combining, as necessary, three risk-reduction

techniques:

« Chemical Source Reduction - Achieved by natural attenuation processes over time
and/or by engineered removals such as limited excavation, soil vapor extraction

(SVE), or in situ bioventing.

o Chemical Migration Control - Examples include the natural attenuation of a
groundwater plume, and SVE to prevent migration of hazardous vapors to a

receptor exposure point.

+ Receptor Restriction - Institutional/engineering controls (e.g., excavation
precautions, impermeable cap) to limit receptor exposure to site contaminants
until natural attenuation and/or engineered remediation can reduce the chemical

source and/or eliminate the potential for chemical migration to an exposure point.
The major tasks that have been performed in support of this risk-based project are:

 Assessing available data and collecting supplemental site characterization data
necessary to define the nature, magnitude, and extent of soil, soil gas, and
groundwater contamination and to document to what degree natural attenuation

processes are operating at the site;

 Determining whether an unacceptable risk to human health or the environment

currently exists or may exist in the foreseeable future using reasonable exposure
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scenarios, quantitative contaminant fate and transport models, and exposure

concentration estimates; and

 Evaluating and recommending a remedial alternative that both reduces the source

of contamination and minimizes or eliminates risks to potential receptors.

This CAP was prepared in accordance with the final Petroleum Contamination Site
Cleanup Criteria rule (Chapter 62.770 of the Florida Administrative Code [FAC])
(Florida Department of Environmental Protection [FDEP], 1997). This rule provides
guidance for determining the remedial requirements for closure of petroleum-
contaminated sites, including several methods for determining matrix-specific cleanup

criteria.

Once a petroleum-contaminated site has been characterized, the site may be
subjected to a Tier 1 risk evaluation. A Tier 1 evaluation is a screening-level
assessment where contaminant concentrations measured in site media are compared to
generic target cleanup levels (TCLs) that are based on conservative receptor exposure
factors, potentially completed receptor exposure pathways, and land use assumptions,
to identify appropriate corrective actions. FDEP (1997) presents Tier 1 TCLs for

various receptor exposure scenarios in lookup tables.

In the event that measured site concentrations exceed the applicable Tier 1 TCLs,
either an interim corrective action or a Tier 2 (site-specific) evaluation may be pursued.
If an interim corrective action is deemed unnecessary, a Tier 2 evaluation may be
conducted to establish reasonable, risk-based target cleanup objectives for a specific
site. A Tier 2 evaluation is more comprehensive than a Tier 1 analysis because it
requires quantitative contaminant fate and transport calculations and the development of
site-specific remediation goals for potential receptor exposure pathways based on
reasonable exposure assumptions and actual land use considerations. Tier 2 site-
specific target levels (SSTLs) are based on the outcome of a predictive exposure

pathways analysis to evaluate current and potential future human health risks and short-
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term and long-term contaminant fate at the site. Although Tier 2 evaluations usually
involve more rigorous analysis and may require use of long-term institutional controls,
they should result in a more focused remediation of those contaminants that may

actually pose a risk to potential receptors.

This CAP estimates potential risks to human health and the environment (i.e.,
ecological receptors) from exposure to chemical contaminants originating from Site SS-
15A under current conditions. The CAP also estimates the potential risks to future
human and ecological receptors due to exposure to chemical contaminants over time,
accounting for the effects of natural chemical attenuation processes. Finally, the CAP
develops and describes a recommended remedial approach for fuel hydrocarbon
contamination in soils, groundwater, and soil gas at Site SS-15A that ultimately can
achieve the Tier 1 TCLs. This CAP is being submitted for review and approval in

accordance with FDEP (1997) program requirements.

1.2 REPORT ORGANIZATION

This CAP consists of 11 sections, including this introduction (Volume I), and six
appendices (Volume II). Site background, including operating history and a review of
environmental site investigations conducted to date, is provided in the remainder of this
section. Section 2 summarizes the 1997 site characterization activities performed by
Parsons ES. Physical characteristics of Site SS-15A and surrounding environs are
described in Section 3. A Tier 1 evaluation is completed in Section 4 to identify those
site contaminants that are considered chemicals of potential concern (COPCs). Section
5 summarizes the nature and extent of COPC contamination at the site. Section 6
addresses the effects of natural chemical attenuation processes that are documented to
be occurring at the site, and presents quantitative chemical fate and transport and
receptor exposure analyses. The comprehensive Tier 2 evaluation, including the
development of SSTLs, is detailed in Section 7. Section 8 presents contaminant
treatability pilot test results for bioventing, and evaluates this low-cost source reduction

technology. Section 9 presents a comparative analysis of three candidate remedial
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alternatives. Section 10 is a more detailed implementation plan for the recommended
remedial alternative, including a detailed long-term monitoring plan (LTMP). Section
11 presents references used in preparing this CAP. Sections 1 through 11 are presented

in Volume 1 of this CAP.

Boring logs, groundwater sampling forms, and well construction diagrams for all
sampling activities completed by Parsons ES at Site SS-15A are included in Appendix
A. Appendix B includes the quantitative calculations and fate and transport model
results used in the predictive chemical fate assessment. Appendix C presents the site-
specific (Tier 2) SSTL derivations and toxicity profiles for COPCs. Appendix D
presents the source-reduction treatability pilot test data and calculations, and Appendix
E summarizes the screening, development, and cost analyses of remedial alternatives
considered in detail within this CAP. Appendix F presents a site-specific sampling and
analysis plan (SAP) for the LTM at the site. The six appendices to this CAP are

included in Volume II.

1.3 SITE BACKGROUND

Homestead AFB is currently the headquarters for the 482nd Air Force Reserve
Fighter Wing which, along with the Florida Air National Guard (FANG), occupies
approximately one-third of the Base property (the cantonment area). Site SS-15A, the
Flightline Apron, is located mostly outside of the cantonment area. Site SS-15A is
expected to be transferred to the Dade County Aviation Department, with the exception
of the northern corner of the site that is used by the FANG.

Homestead AFB is located in Dade County, Florida, approximately 25 miles south
of the City of Miami and 1.5 miles west of B'iscayne Bay (Figure 1.1). The FDEP
facility designation for Site SS-15A is No. 138521996, and the Dade County

1-5
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Department of Environmental Resources (DERM) identifier is No. UT-5272. Site SS-
15A is located in the southeastern portion of the Base and encompasses a 197-acre
asphalt- and concrete-covered area measuring approximately 7,600 feet long and 1,130
feet wide (Figure 1.2). The site contains 26 abandoned underground jet fuel
distribution lines (AP-4 through AP-29, Figure 1.3). The adjacent Site SS-15B, located
southeast of Site SS-15A, is the location of nine former pumphouses and fuel tank

farms that supplied fuel to pipelines within Site SS-15A.

The 26 4-inch (AP-19) to 6-inch-diameter (all others) steel distribution lines extend
northwest beneath the Flightline Apron from the former pumphouses. The lines are
spaced on 293-foot centers, and six valve boxes, spaced at 136-foot intervals, are
located along each distribution line (Figure 1.3). The lines were installed beginning in
1956, were removed from service in the early 1960s, and were abandoned, along with
the fuel farm tanks, in late 1993 and early 1994 (OHM, 1997). The fuel storage tanks
were removed by OHM (1995a) during December 1993 through February 1994. The
fuel hydrant system (FHS) piping was purged of fuel, tested, and 25 of the 26
distribution lines were grouted in early 1994 (OHM 1995a). Line AP-4 was left open
after purging for possible future use.

1.4 PREVIOUS REMEDIAL INVESTIGATIONS AND INTERIM REMEDIAL
ACTIONS

Several phases of environmental investigations and quarterly groundwater
monitoring events have been conducted at Sites SS-15 from 1986 through 1997.
Geraghty & Miller, Inc. (1992) performed IRP Phase II (1986) and IV (1983/1989)
investigations in the fuel pumphouses area (Site SS-15B), including soil vapor surveys,
monitoring well installation, and environmental media analyses. After abandoning and
grouting the fuel distribution lines in 1994, OHM conducted several phases of soil and
groundwater investigations at Site SS-15A, including seven quarters of groundwater

monitoring. Interim remedial actions, consisting of overdeveloping selected wells to
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. reduce concentrations of dissolved fuel hydrocarbons, were implemented. Other

investigation and interim remedial action activities at Site SS-15A have included:

« Collection and analysis of soil samples from 232 boreholes along and between the
fuel distribution piping beneath the Flightline Apron in March 1994; installation
and sampling of 84 temporary monitoring wells (TMWs); installation and
sampling of 103 permanent monitoring wells; and performance of 11 aquifer slug

tests (OHM, 1995a);

« Installation of 15 shallow monitoring wells, overdevelopment of 32 shallow
monitoring wells, and collection and analysis of groundwater samples from 69
shallow monitoring wells during September/October 1995 (first quarterly
monitoring-only [MO] event) (OHM, 1995b);

« Installation of 3 shallow monitoring wells, overdevelopment of 6 shallow

monitoring wells, and collection and analysis of groundwater samples from 73

. shallow monitoring wells during January 1996 (second quarterly MO event)
(OHM, 19963);

« Overdevelopment of 1 shallow monitoring well, and the collection and analysis of
groundwater samples from 76 shallow monitoring wells during April 1996 (third
quarterly MO event) (OHM, 1996b),

« Installation of 5 shallow and 2 intermediate-depth monitoring wells, and
collection and analysis of groundwater samples from 81 shallow and 2
intermediate-depth monitoring wells during July 1996 (fourth quarterly MO
event) (OHM, 1996c);

o Installation of 2 shallow monitoring wells, and collection and analysis of
groundwater samples from 51 shallow monitoring wells during December 1996-

January 1997 (year two first-quarter MO event) (OHM, 1997a);

1-10
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| « Installation of two pilot-scale bioventing systems, soil and soil gas sampling, air
. permeability testing and in situ respiration testing were performed at Site SS-15B

by OHM and Parsons ES in October and November 1996 and February 1997
(Parsons ES, 1997a);

« Collection and analysis of groundwater samples from 40 shallow monitoring wells

during July 1997 (year two second-quarter MO event) (OHM, 1997b);

« Collection and analysis of groundwater samples from 40 shallow monitoring wells

during October 1997 (year two third-quarter MO event) (OHM, 1997c); and

« Collection and analysis of groundwater samples from shallow monitoring wells

during January 1998 (year two fourth-quarter MO event) (OHM, report pending).

1-11
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SECTION 2
SITE CHARACTERIZATION ACTIVITIES

Since 1994, several soil and groundwater investigations have been conducted at Site
SS-15A by OHM. These investigations focused on characterizing and delineating
dissolved hydrocarbons in groundwater and residual fuel hydrocarbons in soils.
Parsons ES conducted a limited investigation at Site SS-15A during October 1997 to
collect site-specific data relevant to quantifying the effects of natural contaminant
attenuation processes and to facilitate development and implementation of a risk-based

remedial action for Site SS-15A. Soil gas, soil, and groundwater were sampled to:
« Further delineate the extent of contamination in selected areas;
« Assess temporal trends in soil and groundwater contaminant concentrations;
« Support contaminant fate and transport analyses;

o Develop appropriate exposure-point concentrations to compare to final

remediation goals; and
« Evaluate and design an appropriate remedial alternative for the site (if necessary).

A detailed investigaticgn was performed at the north end of Flightline Apron Line
AP-26 (valve box 1), where previous investigation results indicated relatively high soil
and groundwater contaminant concentrations. Numerous groundwater monitoring wells
are present at this location, facilitating a detailed assessment of the distribution of

dissolved contaminants and pertinent geochemical analytes. The intent of the detailed

2-1
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investigation was to enable use of line AP-26 as a microcosm of natural attenuation
mechanisms occurring at the overall site. Sampling also was performed at other fuel
distribution lines where elevated contaminant concentrations in soil and/or groundwater

had been documented in order to:

« Confirm that geochemical conditions are sufficiently homogenous across Site SS-
15A to allow extrapolation of the results of the detailed analysis performed at the

AP-26 area to other site areas;
« Evaluate temporal trends in soil contaminant concentrations; and
« Support the performance of a bioventing pilot test.

To the extent practicable, data collected during previous investigations were used to
augment this study. Emphasis was placed on collecting data documenting the natural
biodegradation and attenuation of fuel hydrocarbons in soils and groundwater at the

site.

The October 1997 supplemental site characterization activities performed by Parsons
ES at Site SS-15A are briefly described in the remainder of this section. Most site
characterization procedures (i.e., soil, soil gas, and groundwater sampling procedures)

are described in detail in the project SAP (Parsons ES, 1997b).

2.1 SCOPE OF DATA COLLECTION ACTIVITIES

As part of the risk-based remedial approach for Site SS-15A, field data collection
efforts focused on investigating specific chemical constituents that potentially pose a
threat to human health or the environment. The chemicals targeted for study at this site
were identified from previous site investigations and the chemical composition of the
primary contaminant source (i.e., release(s) of JP-4 jet fuel from the former
fueling/defueling system). The petroleum hydrocarbon chemicals identified and

addressed as part of this study include benzene, toluene, ethylbenzene, and xylenes
2-2
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(BTEX); polynuclear aromatic hydrocarbons (PAHs); and methyl tert butyl ether
(MTBE). Selected samples also were analyzed for total recoverable petroleum
hydrocarbons (TRPH). These analytes were targeted based on previous site assessment

results and FDEP (1997) analytical requirements for petroleum UST sites.

Generally, laboratory analytical methods used during previous sampling events (e.g.,
quarterly groundwater monitoring events) were used during the risk-based field
investigation. The only exception was the use of US Environmental Protection Agency
(USEPA) Method SW8310 instead of SW8270 for the analyses of PAHs, because
Method SW8270 reporting limits for some PAHs exceed generic FDEP TCLs. Soil
and groundwater samples were analyzed by Quanterra, Inc. of Arvada, Colorado;
Austin, Texas; and Tampa Florida. Soil gas samples were analyzed by Air Toxics,
Ltd. of Folsom, California. Field analyses and measurements were performed for
various inorganic, geochemical, and physical parameters to document natural
biodegradation processes and to assess the potential effectiveness of low-cost source

reduction technologies.

The risk-based investigation for Site SS-15A was conducted according to the
methodologies presented in the Draft Work Plan For the Risk-Based Remediation of Site
SS-15A (Parsons ES, 1997), hereafter referred to as the work plan. The work plan was
developed according to available guidelines and minimum requirements to support site

closure under one of several scenarios (FDEP, 1997), including:
« No-Further-Action- (NFA) Proposal Without Conditions,
« NFA Proposal With Conditions, or
« Monitoring-Only Proposal for Natural Attenuation.

The following sampling and testing activities were performed by Parsons ES dufing

October 1997 at Site SS-15A as part of this investigation:
23
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Drilling 8 soil borings along fuel lines AP-15, AP18, AP-20, and AP-26;

Collection of 10 subsurface soil samples for fixed-base laboratory analysis from

the eight boreholes;

Installation of one air-injection vent well (VW) and two vapor monitoring points
(VMPs) at AP-18;

Collection of groundwater samples from 23 existing groundwater monitoring

wells along AP-10, AP-11, AP-17, AP-22, and AP-26;

Collection and field screening of soil gas samples from 15 locations along AP-18
and AP-26;

Collection of four soil gas samples for laboratory analysis from existing
groundwater monitoring wells (with screens extending above the saturated zone)

along AP-18 and AP-26; and

Conducting a bioventing treatability pilot test at AP-18, including an air

permeability test and in situ biorespiration tests.

Analytical method detection limit (MDL) requirements were considered before site

characterization work was initiated under the risk-based remediation investigation.

Suitable analytical methods and quality control (QC) procedures were selected (Parsons

ES, 1997b) to ensure that the data collected under this program are of sufficient quality

to be used in a quantitative risk assessment.

Table 2.1 summarizes the methods used to analyze the environmental samples

collected under this program. This table also lists the laboratory-specified MDLs and

practical quantitation limits (PQLs) for each analytical method by analyte and

environmental sample matrix. The MDL is the lowest concentration at which a

particular chemical can be measured and distinguished with 99-percent confidence from

24
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TABLE 2.1

ANALYTE REPORTING LIMITS
RISK-BASED APPROACH TO REMEDIATION

SITE SS-15A
HOMESTEAD AFB, FLORIDA
Analytical Field or Soil Gas Soil Ground Water

Analyte Method Fixed-Base MDL ¥ Units MDL PQL®  Units MDL POL Units
SOIL GAS
Benzene TO3 Fixed-Base | 0.052-0.1 ppmv ¢
Toluene TO3 Fixed-Base | 0.052-0.1 ppmv
Ethylbenzene TO3 Fixed-Base | 0.052-0.1 ppmv
Xylene (Total) TO3 Fixed-Base | 0.052-0.1 ppmv
TPH ¢ (C5+ Hydrocarbons) TO3 Fixed-Base | 0.52-1.0 ppmv
C2-C4 Hydrocarbons TO3 Fixed-Base | 0.52-1.0 ppmv
SOIL AND GROUNDWATER
TRPH ¥ FL-PRO Fixed-Base 9 10 mg/kg?|  0.19 0.5 mg/L ¥
Benzene SW8020A Fixed-Base 0.5 5 pe/kg®| 0056 2 pg/LY
Toluene SW8020A Fixed-Base 1.24 5 uglkg 0.15 2 ug/L
Ethylbenzene SW8020A Fixed-Base 0.5 2 ng/kg 0.054 2 ug/L
Xylene (Total) SW8020A Fixed-Base 1.5 5 pglkg 0.15 2 ug/L
MTBE" SW8020A Fixed-Base 1.5 5 nglkg 0.01 5 ng/L
Chlorobenzene SW8020A Fixed-Base 0.5 2 ug/kg 0.085 2 ng/L
1,2-Dichlorobenzene SW8020A Fixed-Base 0.5 4 uglkg 0.18 4 ug/L
1,3-Dichlorobenzene SW8020A Fixed-Base 0.5 4 ug/ke 0.09 4 ug/L
1,4-Dichlorobenzene SW8020A Fixed-Base 0.5 3 uglkg 0.33 4 pg/L
Acenaphthene SW8310 Fixed-Base 0.036 02 mg/kg 0.093 1 ug/L
Acenaphthylene SW8310 Fixed-Base 0.049 0.2 mg/kg 0.04 1 pg/L
Anthracene SW8310 Fixed-Base 0.0026 0.02 mg/kg 0.03 0.1 ug/L
Benzo(a)anthracene SwW8310 Fixed-Base 0.0034 0.02 mg/kg 0.06 0.13 ug/L
Benzo(a)pyrene Sw§310 Fixed-Base 0.0022 0.015 mg/kg 0.065 0.23 ng/L
Benzo(b)fluoranthene SW8310 Fixed-Base 0.0025 0.012 mg/kg 0.059 0.18 ng/L
Benzo(g,h,i)perylene SW8310 Fixed-Base 0.003 0.05 mg/kg 0.071 0.2 ug/L
Benzo(k)fluoranthene Sw8310 Fixed-Base 0.0035 0.011 mg/kg 0.059 0.17 ug/L
Chrysene SW8310 Fixed-Base 0.002 0.04 mg/kg 0.073 0.2 pg/L
Dibenz(a,h)anthracene Sw8310 Fixed-Base 0.0034 0.02 mg/kg 0.076 0.3 ug/L
Fluoranthene SW8310 Fixed-Base 0.0024 0.04 mg/kg 0.036 0.2 pg/L
Fluorene SW8310 Fixed-Base 0.0064 0.04 mg/kg 0.035 0.2 ug/L
Indeno(1,2,3-cd)pyrene Sw8310 Fixed-Base 0.003 0.03 mg/kg 0.055 0.43 ug/L
Naphthalene Sw8310 Fixed-Base 0.046 0.2 mg/kg 0.059 1 pg/L
Phenanthrene SW8310 Fixed-Base 0.0055 0.04 mg/kg 0.03 0.2 pg/L
Pyrene SW8310 Fixed-Base 0.0026 0.04 mg/kg 0.043 0.2 pg/L
SOIL ONLY
Total Organic Carbon SW9060 Fixed-Base 0.055 0.2 %
GROUNDWATER ONLY
Electrical Conductivity DRMY Field 0.02  mmhos/em¥
Dissolved Oxygen DRM Field 0.5 mg/L
pH DRM Field 0.1 pH Units
Redox Potential DRM Field 20 mv
Temperature DRM Field 1 °cC
Alkalinity (as CaCO3) E310.1 Fixed-Base 0.69 5 mg/L
Amonia CHEMetrics 1510 Field 0.1 mg/L
Carbon Dioxide CHEMetrics 4500 Field 100 mg/L
Iron, Ferrous Hach 8146 Field 0.024 mg/L
Manganese Hach Manganese Field 0.05 mg/L
Methane RSKSOP175 Fixed-Base 0.000052  0.0005 mg/L
Nitrate E300 Fixed-Base 0.05 0.5 mg/L
Nitrite E300 Fixed-Base 0.05 0.5 mg/L
Nitrogen, nitrate/nitrite E353.2 Fixed-Base 0.016 0.1 mg/L
Sulfate Hach 8051 Field 7 mg/L
Sulfide Hach 8131 Field 0.01 mg/L
¥ MDL = Method Detection Limit
¥ pQL= Practical Quantitation Limit
o ppmv = parts per million, volume per volume
¢ TPH = Total Petroleum Hydrocarbon
¢/ TRPH = Total Recoverable Petroleum Hydrocarbons
o mg/kg = milligrams per kilogram
¥ mg/L = milligrams per liter
v ug/kg = micrograms per kilogram
| . '

ug/L = micrograms per liter
¥ DRM = direct reading meter
Y mmhos/cm = millimhos per centimeter
v mv = millivolts .
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the normal "noise" of an analytical instrument or method. The PQL is the lowest level
at which a chemical can be accurately and reproducibly quantitated. Table 2.2
summarizes the field and fixed-base laboratory analyses performed by sampling

location.

2.2 SOIL GAS MEASUREMENTS

Soil gas sampling was performed at Site SS-15A using both field (semi-quantitative)
and fixed-base laboratory (quantitative) analyses. The purpose of soil gas sampling was
to assess the potential risk to future workers at the site from inhalation of volatilized
contaminants, and to determine whether or not sufficient oxygen is available in the soil
gas to sustain aerobic fuel hydrocarbon biodegradation. If oxygen (O2) concentrations
are significantly lower than background values, and carbon dioxide (CO»)
concentrations are higher than background levels, then the occurrence of aerobic fuel
hydrocarbon biodegradation can be inferred. In addition, the oxygen levels allow an
assessment of whether there is sufficient oxygen to sustain continuing aerobic

biodegradation without engineered addition of oxygen via in situ bioventing.

Soil gas samples were collected at the 15 locations shown on Figure 2.1. All soil
gas samples except those from VW1, AP26-MW76, and AP26-MW104 were screened
using field instruments to measure Oz, CO2, and total volatile hydrocarbon (TVH)
concentrations. Soil gas samples from four locations (AP18-MW41, AP18-MW43,
AP26-MW75, and AP26-MW114), selected based on field screening results, were
collected in SUMMA® canisters and submitted to Air Toxics, Ltd. in Folsom,
California for analysis of TVH and BTEX using USEPA Method TO-3. All samples
were field screened using the test equipment and methods specified in the AFCEE
protocol documents Test Plan and Technical Protocol for a Field Treatability Test for
Bioventing (Hinchee et al., 1992) and Addendum One to Test Plan and Technical
Protocol for a Field Treatability Test for Bioventing: Using Soil Gas Surveys to
Determine Bioventing Feasibility and Natural Attenuation Potential (Downey and Hall,
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1994). All sample handling and field quality assurance (QA)/QC procedures for soil
gas are specified in Appendix A of the work plan (Parsons ES, 1997b). Analytical

results for soil gas samples are summarized in Section 5.

2.3 SUBSURFACE SOIL SAMPLING

Soil samples were collected from eight soil boreholes to obtain soil total organic
carbon (TOC) data and to further characterize soil contamination at selected areas at
fuel lines AP-15, AP-18, AP-20, and AP-26, where previous investigations indicated
relatively high soil contaminant concentrations (Figure 2.2). Soils were sampled to
facilitate evaluation of the potential for contaminant partitioning from soil into
groundwater and soil gas, and to assess the magnitude of any changes in contaminant
concentrations that have occurred over time. Many of these “soil” samples were

collected from the weathered limestone bedrock.

Soil samples for laboratory or field analysis were collected at regular intervals from
all boreholes, both above and below the groundwater surface. A total of 10 soil
samples from 8 boreholes were submitted for fixed-base laboratory analysis. Samples
from all 8 boreholes were described for lithology and field screened for ionizable
organic vapors using a TVH meter. With the exception of soil borings for the VW and
VMPs (Figure 2.3), soil boreholes were located within approximately 3 feet of
previously-drilled and sampled soil boreholes to allow assessment of the potential

temporal variation in contaminant concentrations.

All boreholes were drilled using a truck-mounted auger rig. Two methods were used
to collect subsurface soil samples, based on the sampling location and analyses to be
performed. Soil samples from all locations other than AP18-MPA and AP18-MPB
were collected by advancing 2.5-inch-diameter split-spoon sampling barrels to total

depth. Hollow-stem augers were not used to advance the boreholes prior to split-spoon
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sampling because of the shallow depths of the boreholes and competent nature of the
weathered bedrock. Samples from MPA and MPB were obtained by collecting soil
cuttings from the outside of the augers as they were removed from the respective
borings. These cutting samples were used for field screening purposes only. Split-
spoon barrels lined with four pre-cleaned, 6-inch-long brass sarripling tubes were used
to collect the soil samples that were submitted to the fixed-base laboratory for analysis.
After recovering the sample, the ends of the brass tubes were covered with Teflon®
patches and capped, and the tubes were labeled prior shipment to the laboratory. The
sampling tubes were used to preserve the integrity of the soil samples and to minimize

potential losses of VOCs that can occur during transfer of soil to jars.

A total of 10 soil samples were submitted to Quantera Inc. for laboratory analysis.
Replicate samples were not collected because of the difficulty obtaining a sufficient
quantity of sample from individual sampling intervals. One trip blank, one temperature
blank, and one decontamination water source blank were collected as part of the soil
sampling QC program. Table 2.2 presents the locations and depth intervals for all soil

samples collected as part of the risk-based remediation study.

All boreholes not completed as a VW or VMP were abandoned by filling them with
bentonite chips from the bottom of the borehole to approximately 1 foot below the
pavement surface. The remainder of each borehole was sealed with 10,000 pounds per
square-inch, non-shrinking grout placed to match the existing pavement surface. Soil
borehole logs and completion diagrams for the VW and VMPs are included in
Appendix A. The borehole logs indicate the intervals at which soil samples were
collected for field headspace screening and laboratory analyses. Soil analytical results

are summarized and discussed in Sections 4 and 5.
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2.4 VENT WELL AND VAPOR MONITORING POINT INSTALLATION

One VW and two VMPs were installed at Flightline Apron line AP-18 near valve
box 1 in preparation for a bioventing pilot test. Details of VW and VMP installation

" are described in Section 8.

2.5 GROUNDWATER SAMPLING

Groundwater samples were collected from 23 existing monitoring wells at Site SS-
15A in October 1997. The groundwater sampling locations are shown on Figure 2.3.
Samples collected from 10 wells in the apron line AP-26 area were analyzed for fuel-
related contaminants and for various inorganic and geochemical indicators to evaluate
natural chemical and physical attenuation processes that are occurring at the site. A
total of 13 additional groundwater samples were collected from wells along 4 other fuel
lines where elevated concentrations of dissolved contaminants have been detected in the
past (AP-10, AP-11, AP-17, and AP-22). These additional groundwater samples were
collected primarily to confirm that geochemical conditions are sufficiently
homogeneous across Site SS-15A to allow the results of the focused risk-based analysis
performed for the AP-26 area to be extrapolated to the rest of the site. Field and
laboratory analytical data collected at each groundwater sampling location are
summarized in Table 2.2. A product sheen was detected in well MW-14 along AP-11,
but was of insufficient quantity to collect a sample for laboratory analysis. A
measurable thickness of mobile LNAPL has been encountered only one time in one well

(a thickness of 0.01 foot was measured in well AP20-MW50 during October 1995).

Groundwater samples were collected using the procedures described in the work
plan (Parsons ES, 1997b). One duplicate sample, and ome combination
equipment/ambient condition/decontamination water blank were collected during the
groundwater sampling event. Field QC samples also included one trip blank for each

cooler of samples sent to the laboratory for volatile organic compound (VOC) analysis.
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Field and laboratory groundwater analytical results are discussed in Section 5 of this
report. These analytical results are used in Section 6 to evaluate the natural physical,

chemical, and biological processes that are affecting the contaminants at this site.

2.6 SOURCE-REDUCTION FEASIBILITY TESTING

In situ bioventing was identified as a potentially appropriate source reduction
technology for Site SS-15A. A bioventing pilot test was performed in the vicinity of
valve box 1 on apron line AP-18 in October 1997 to assess the feasibility of using
shallow in situ bioventing to add oxygen to unsaturated, fuel-contaminated soils,
thereby promoting in situ biodegradation. Although bioventing pilot testing was
recently performed at adjacent Site SS-15B (Parsons ES, 1997a), the conditions at Site
SS-15A are sufficiently different from those at SS-15B (thicker vadose zone and a
continuous pavement cover at SS-15A) to warrant additional testing. The location of the
bioventing pilot test performed at Site SS-15A is shown on Figure 2.3. Installation of
bioventing pilot test wells, testing equipment and procedures, and bioventing pilot test

results are discussed in Section 8 of this CAP.

2.7 EQUIPMENT DECONTAMINATION PROCEDURES

All downhole soil sampling tools (e.g., split-spoon samplers) were cleaned prior to
collection of each sample with a clean water/phosphate-free detergent mix followed by
a clean water rinse. Hollow-stem augers were used only to ream the borings for the
VW and VMPs. Decontaminated augers were used for each of the VW and VMP
boreholes, and the bit was decontaminated between each of these boreholes using the

same procedure used for the split-spoon samplers .

New, disposable high-density polyethylene (HDPE) and Teflon® tubing was used to
collect the groundwater sample from each well. The only other groundwater sampling

equipment requiring decontamination was the water level indicator probe. The probe
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was decontaminated prior to each use with a clean water/phosphate-free detergent mix

followed by a distilled water rinse.

2.8 INVESTIGATION-DERIVED WASTES (IDW)

_ Soil cuttings and unused soil samples were collected into 55-gallon, US Department
of Transportation (DOT)-approved drums and transported to a drum storage area near
the OHM field trailers. Decontamination and purge water also was placed into 55-
gallon, DOT-approved drums and transported to the same storage area. All drums
were labeled with the contractor’s name, date, contents, and sampling location. One
composite sample for each medium was collected from the waste drums. Both samples
were submitted to the laboratory for the analyses listed in the OHM (1996d) Technical
Memorandum Soil Disposal Profile Analytical Project Requirements. As directed by
AFCEE, IDW profiling results were forwarded to OHM, which arranged for the proper

waste disposal.

2.9 ANALYTICAL DATA QUALITY ASSESSMENT

2.9.1 Procedures

A Level III validation was performed on the October 1997 analytical results obtained
from the fixed-base laboratories. The validation included internal data checks and
application of data qualifiers to the analytical results based on adherence to method
protocols and project-specific QA/QC control limits. Method protocols reviewed

included:
« Analytical holding times,
« Method blanks,
« Trip blanks,

« Surrogate spikes,
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« Matrix spikes/matrix spike duplicates (MS/MSDs),
« Laboratory control samples (LCSs), and
« Sample temperatures during shipping and storage.

A Level IV validation, including an evaluation of initial calibrations, continuing
calibrations, instrument performance criteria, and second-column confirmations, and a
review of analytical raw data and calculation checks was performed on 10 percent of

the data.

Data qualifiers were applied to analytical results during the data validation process.
All data were validated using method applicable guidelines and in accordance with the
National Functional Guidelines for Organic Data Review (USEPA 1994a) and the
National Functional Guidelines for Inorganic Data Review (USEPA 1994b). The
following definitions provide explanations of the USEPA (1994a and 1994b) qualifiers
assigned to analytical results during data validation. The data qualifiers described were

applied to both inorganic and organic results.

U - The analyte was not present above the reported sample quantitation limit
(SQL).
J - The analyte was positively identified, but the associated numerical value

may not be consistent with the amount actually present in the
environmental sample. The data should be considered acceptable as a

basis for decision-making.

Ul - The analyte was not present above the reported SQL. The associated
numerical value may not accurately or precisely represent the

concentration necessary to detect the analyte in the sample.
2-17
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J1 The analyte is qualified as an estimated value solely because it is greater
than the MDL and less than the PQL, indicating no laboratory quality

issues.

2.9.2 Results

Data quality for each QC parameter where exceptions were noted during the
validation is summarized in this section. Only results that exceeded QA/QC criteria are
presented. All frequency requirements for field sample collection of QA/QC samples
(MS/MSDs and blanks) were met. The frequency requirements for laboratory specific

method criteria QA/QC also were met.

2.9.2.1 Holding Time

Twenty-two water nitrate (as nitrogen [N]) (Method E300), 22 nitrite (as N)
(Method E300), and one soil aromatic VOC (Method SW8020) samples were qualified
as estimated for holding time exceedances. To assess the usability of the nitrate/nitrite
data, eight samples were recollected and analyzed for nitrate plus nitrite (as N) within
holding time using Method E353.2. The aromatic VOC sample also was recollected
and reanalyzed using Method SW8020.

2.9.2.2 Blank Contamination

Blank contamination was reported at concentrations representative of normal
laboratory and field procedures with the exception of the method blanks. One aromatic
volatile (Method SW8020) sample reporting limit was elevated in accordance with the
validation criteria based on the toluene detection in the blank. The blank result was
detected at a concentration which was between the MDL and PQL. Therefore, the
sample reporting limit was never elevated above the PQL, and sample data quality was

not adversely affected.
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2.9.2.3 Conclusions

All sample results qualified as “U, UJ, J, or J1” are usable for the purposes
intended. Results qualified as such represent an association to non-compliant QC
criteria which has caused the reported concentration to be estimated. Project data

quality objectives do not exclude the use of estimated concentrations.

Analytical accuracy and precision were within control limits and are considered
acceptable. All method-specific criteria were within control limits with the exception of
holding time. Critical project samples that failed holding-time criteria were resampled
and reanalyzed. All blank contamination was at concentrations less than the target
PQL. Because PQLs were not exceeded, the impact of blank contamination to the

project is minimal.
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SECTION 3

PHYSICAL CHARACTERISTICS OF THE STUDY AREA

This section describes the physical characteristics of Site SS-15A and adjacent
environs at Homestead AFB, as determined from data collected during previous site
investigations and by Parsons ES in October 1997 as part of the risk-based remediation
field investigation. Information presented is based on the results of earlier Base-wide
and/or site-specific investigations (Geraghty & Miller, Inc. 1993; OHM, 1995 through
1997c). A summary of site characterization activities completed by Parsons ES to

supplement existing data is presented in Section 2 of this CAP.

3.1 SITE TOPOGRAPHY AND SURFACE WATER HYDROLOGY

Site SS-15A and the surrounding area has relatively flat topography, with elevations
at Site SS-15A ranging from approximately 6 to 8 feet above the national geodetic
vertical datum (NGVD). The site slopes gently toward the southeast. Surface runoff
from the flightline apron area flows into the flightline canal, which is located
approximately 265 feet southeast of the southeastern edge of the apron area and is
oriented parallel to the apron and runway (Figure 3.1). Surface water in the flightline

canal flows northeast into Biscayne Bay via other canals.

3.2 SITE GEOLOGY AND HYDROGEOLOGY

The uppermost geologic strata underlying Site SS-15A consist of approximately 2 to

3 feet of sand and limestone fragments overlying limestone bedrock of the Miami Oolite
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Formation. The Miami Oolite consists of soft, oolitic limestone interbedded with sandy
limestone and thin layers of hard limestone. Solution features and pockets of silty sand
and shell fragments are common (OHM, 1995a). The thickness of the Miami Oolite
beneath Homestead AFB ranges from 15 to 20 feet. The Miami Oolite and underlying
Fort Thompson Formation are highly permeable, and are the principal components of
the Biscayne Aquifer in the Homestead AFB area (OHM, 1995a). Native surficial

sands at the site are covered with asphalt or concrete pavement.

Groundwater beneath the site occurs in the Miami Oolite, and the water table surface
generally is encountered at depths between 5 and 6 feet below ground surface (bgs).
Groundwater surface elevations measured in October 1997 are included in Appendix A
and plotted on Figure 3.1. With local exceptions, groundwater elevations indicate that,
in October 1997, the overall groundwater flow direction was to the east or southeast,
consistent with the regional southeasterly flow direction identified by OHM (1995a).
However, groundwater elevations measured at AP-26 in October 1997 indicate that the
local flow direction may be toward south or southwest at the northwest end of the apron
line. In the remedial investigation (RI) report, OHM (1995a) notes that groundwater
flow directions may be locally variable at the site. The irregular groundwater surface
may result from local variations in recharge and discharge such as may be caused by
the presence of pavement areas with higher-than-average infiltration rates or the
presence of drainage ditches. The hydraulic gradient beneath the site is very flat,
averaging about 0.00009 foot per foot (ft/ft) (OHM, 1995a), and vary depending on the

location and time at which water levels were measured.

The hydraulic. conductivity of the surficial water-bearing zone at Site SS-15A was
estimated during previous investigations using slug test data. Hydraulic conductivity
values determined for the surficial aquifer range from 6.5 to 98 feet per day (ft/day).
Using the average horizontal hydraulic gradient of 0.00009 ft/ft and an estimated
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effective porosity of 20 percent, the horizontal groundwater flow velocity has been

calculated to be 0.014 ft/day or 5.1 feet per year (ft/yr) (OHM, 1995a).

3.3 CLIMATOLOGICAL CHARACTERISTICS

The climate of south Florida is subtropical with warm summers and mild winters.
For Miami, the average daily temperature ranges from 66°F in January to 82°F in July
(National Oceanic and Atmospheric Administration [NOAA], 1973). Based on
meteorological data compiled by Homestead AFB personnel for the period from
January through November 1994, the average annual temperature at Homestead AFB
ranged from 69°F in January to 84°F in July (OHM, 1995a). The recorded high and
low temperatures for this time period ranged from 95°F on June 10 to 48°F on March

4.

Rainfall in southern Florida occurs in distinct cycles. The rainy season typically
extends from May through October, with the remaining 6 months being relatively dry.
The average annual precipitation is approximately 58 inches. The highest monthly
precipitation typically occurs in September (9.5 inches), and the lowest monthly
precipitation occurs in December (1.7 inches) (NOAA, 1973). Much of the annual
precipitation occurs during thunderstorms in the months of July through September. A
total of 65.4 inches of precipitation was recorded at Homestead AFB during the time
period referenced above (OHM, 1995a). Approximately 62 percent of the precipitation
occurred during the 6-month rainy season (May through October, 1994). During the
highest rainfall event in the above-referenced 1994 period, 12.8 inches of rainfall was

recorded between 12 and 16 November, during Tropical Storm Gordon.

3.4 LAND USE
3.4.1 Site Access

Site SS-15A is located adjacent to and services the runway at Homestead AFB. The
entire extent of Site SS-15A is within the fenced Base boundaries (Figure 1.2). The
34
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Base is under manned guard 24 hours per day, 7 days per week. The site is located
within the designated flightline area, and access to this area is restricted. Access to the
FANG area (which includes portions of apron lines AP-26 through AP-29) is further
restricted by a chainlink fence (Figure 3.1) with motion detectors and armed guards.
Additionally, the site is capped by 6 to 18 inches of asphalt and concrete pavement,
which precludes direct exposure of onsite receptors (e.g., Base personnel) to potentially

impacted soils and groundwater.

3.4.2 Current and Proposed Land Uée

Portions of the site are currently used by FANG and the Air Force Reserve
Command (OHM, 1995a). Much of the aircraft apron is currently inactive. Based on a
1993 Base Realignment and Closure (BRAC) recommendation, approximately one-third
of the Base will continue to be used for FANG or Air Force Reserve operations,
including the area containing portions of apron lines AP-26 through AP-29 in the
northeastern corner of Site SS-15A and AP-1 through AP-3 in the southwestern corner.
Once environmental restoration is completed, the remainder of the Base will be leased
and/or sold. The Dade County Aviation Department is expected to be the primary
lessee of the non-cantonment portion of the Base (i.e., the portion that will not be used
for Air Force Reserve operations) (OHM, 1995a). Areas of SS-15A that are not used
by the FANG or the Air Force Reserve are reportedly designated for light industrial
use. Figure 1.2 shows the location of Site SS-15A relative to Homestead AFB and

indicates adjacent land uses.

The downgradient Base boundary is approximately 2,000 feet from Site SS-15A.
Offsite lands adjacent to the Base to the east, southeast, and west are used primarily for
agricultural purposes. There is a small residential area southwest of the Base, and
additional residential areas to the north. Unless all aviation acti\)ities at the Base cease,

it is highly unlikely that Site SS-15A would be available for residential use. Therefore,
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future onsite land use is expected to remain industrial (e.g., associated with aviation

support activities).

3.4.3 Water Resources

The Biscayne Aquifer underlies Homestead AFB and all of Dade County, and is the
sole source of fresh water for these areas. This is the only aquifer system potentially

impacted by fuel releases at Homestead AFB.

A water supply well survey was completed as part of the 1995 corrective action
report (OHM, 1995a). Active, on-Base potable wells are located 8,000 feet west-
northwest of (upgradient from) the flightline apron, and wells used for emergency
backup of the Base’s normal wellfield are located 4,500 feet northwest of the flightline
apron, but are currently inactive. No public water supply wells are located within a
0.5-mile radius of the Base. Three non-potable water wells are located southwest of
Site SS-15A, the closest of which is approximately 5,000 feet away (Geraghty &
Miller, Inc. 1993).

3.5 POPULATION DEMOGRAPHICS

Site SS-15A is located entirely within a controlled-access portion of the Base. Base
workers include civilians and Air Force and FANG personnel. The general public is
excluded from Site SS-15A.

3.6 ECOLOGICAL RESOURCES

Although numerous plant and wildlife species are known to occur on and near
Homestead AFB, Site SS-15A is in a heavily déveloped, active industrial portion of the
Base that is covered with asphalt and concrete. The industrial setting and operational
activity levels in the immediate vicinity, coupled with a lack of suitable wildlife habitat,
essentially preclude the presence of terrestrial and aquatic wildlife populations at the

site.
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The Flightline Canal, which is part of the Operable Unit 9 (OU-9) Boundary Canal
System, is located within the adjacent Site SS-15B. A number of potential ecological
receptors were identified for the Flightline Canal as part of the RI for OU-9
(Woodward-Clyde Consultants, 1995). Although the Flightline Canal is not within Site
SS-15A, the potential ecological receptors identified for OU-9 are ixicluded as potential
receptors for contamination migrating from Site SS-15A because of the proximity of the
Flightline Canal to the Site. Following is a summary of potential ecological receptors

and exposure media identified in the OU-9 RI (Woodward-Clyde Consultants, 1995):

Exposed Group (potential receptors) Exposure Medium

Aquatic vegetation Surfacé water, sediment

Benthos Surface water, sediment

Fish and amphibians Surface water, sediment, aquatic biota
. Birds Surface water, sediment, aquatic biota

Mammals Surface water, sediment, aquatic biota

Reptiles Surface water, sediment, aquatic biota

These media have not been sampled as part of the Site SS-15A investigation.
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SECTION 4

TIER 1 ANALYSIS AND IDENTIFICATION OF CHEMICALS OF

POTENTIAL CONCERN

This section provides an overview of the regulatory requirements for a risk-based,
tiered approach to identification of COPCs, and reviews the preliminary conceptual site
model (CSM) developed for Site SS-15A in the CAP work plan (Parsons ES, 1997b) as
a means of selecting appropriate regulatory screening criteria to identify COPCs in
affected site media (i.e., chemicals present at concentrations that could pose a risk to
human and/or ecological receptors exposed to the affected media). This section also
presents a screening-level Tier 1 analysis used to select the COPCs that are the focus of
this CAP. The COPCs for Site SS-15A are identified in the Tier 1 analysis based on
estimated risks to human health posed by maximum detected contaminant
concentrations. Conservative land use and exposure assumptions are used in the Tier 1
screening analysis to ensure that the nature and extent of any COPCs that could pose a
risk to human receptors at or near the site are fully described (Section 5), and that these
chemicals are fully evaluated in subsequent analyses through quantitative fate and

transport and receptor exposure evaluations (Sections 6 and 7).

4.1 REGULATORY REVIEW OF THE TIER 1 SCREENING PROCESS

As an initial step in determining the necessity for remedial action, representative
concentrations of site contaminants are compared to the NFA-Without-Conditions
generic TCLs for soil and groundwater presented in Tables IV and V of the Petroleum

4-1
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Contamination Site Cleanup Criteria (FDEP, 1997). Contaminant soil concentrations
must be below the Direct Exposure I and the leachibility target levels presented in
Table IV (based on applicable groundwater criteria specified in 62-770.680 (1)(c),
FAC). Concentrations of COPCs in groundwater must be below background
concentrations or less than levels presented in Table V. If the groundwater is
impacting, or may impact, surface water, the TCLs presented for surface water in

Table VI also applies.

If representative concentrations of petroleum contaminants exceed the NFA-Without-
Conditions TCLs, the concentrations are then compared to the NFA-With-Conditions
TCLs presented in the Rule. Contaminant soil concentrations must be less than the
Direct-Exposure II 1evels and the leachability target levels presented in Table IV (based
on applicable groundwater criteria, as specified in 62-770.680 (1)(c), FAC).
Conéentrations of COPCs in groundwater also are compared to the same criteria

applicable to an NFA proposal.

Maximum dissolved site contaminant concentrations also are compared to the Table
IX Natural Attenuation Source Default Values. This comparison provides an initial
assessment of the potential appropriateness of monitored natural attenuation as a

remedial alternative.

Those analytes with site concentrations that exceed the appropriate TCLs for soil and
groundwater are considered to be COPCs, and are retained for further analysis
concerning the risk-reduction requirements for the site. The nature and extent of these
COPCs are described more fully in Section 5. Quantitative fate and transport analyses
and site-specific exposure estimates are conducted and presented in Sections 6.
Section 7 develops site-specific Tier 2 SSTLs that are sufficient to protect human health
and the environment given the current and future use of the FANG area which will

remain under Air Force control (i.e., industrial use only).

4-2
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4.2 PRELIMINARY CONCEPTUAL SITE MODEL REVIEW

Figure 4.1 presents the preliminary CSM developed for Site SS-15A. The CSM was
developed using data collected during all relevant site investigations and is based on a
review of potential receptors and feasible exposure scenarios. The purpose of
developing a CSM is to guide the evaluation ‘of available site information and to

determine potential data gaps, including:
« Potential contaminant sources;
« Media affected by contaminant releases;
o Mechanisms of contaminant release (e.g., leaching and volatilization);
« Potential human and ecological receptors;

« Potential receptor exposure points based on conservative, reasonable land use

assumptions; and

o Routes of possible receptor exposure (e.g., inhalation, ingestion, or dermal
contact).
Figure 4.1 was developed to provide an outline for addressing all matrix-specific,

current and future exposure scenarios at Site SS-15A.

4.2.1 Contamination Source Assessment

Based on previous site investigations, soil, soil gas, and groundwater beneath the
flightline apron have been contaminated with petroleum hydrocarbons as the result of

past spills and leaks in the JP-4 fueling system. Soil contamination occurs in a number
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of discrete areas, primarily as residual light nonaqueous-phase liquid (LNAPL) in the
thin vadose (unsaturated) zone and within the uppermost portion of the saturated zone.
The absence of measurable mobile LNAPL (free product) detections at the site indicate
that mobile LNAPL is not a significant, continuing source of groundwater
contamination. PAHs also have been detected in soil and groundwater at Site SS-15A.
Naphthalenes are the only PAH compounds found in JP-4 fuel (Reference). PAHs may
have leached into soil and groundwater from the asphalt pavement covering much of the
site. If the fuel pipelines are coated with a tar-like substance, then exposure of the
coating to JP-4 could have caused leaching of the high molecular weight PAHs into the

surrounding soil and groundwater.

Historical groundwater quality data suggest that concentrations of dissolved fuel
constituents in groundwater are decreasing, indicating that the contaminant sources also
are dwindling due to the effects of leaching, volatilization, and biodegradation. Rates
of contaminant mass reduction are evaluated in Section 6 to determine whether or not
the applicable FDEP (1997) NFA criteria are likely to be achieved within 5 years, per
Rule 62-770.690, FAC.

The contaminant release mechanisms considered in this CAP include partitioning
from residual LNAPL into groundwater and into soil gas, possible discharge of
contaminated groundwater into surface water in the Flightline Canal, and leaching of
PAHs into soils and groundwater. This approach is consistent with the nature of
contamination detected at the site, the physical characteristics of the surrounding area,

and the physiochemical properties of the COPCs.

4.2.2 Land Use and Potential Receptors

Based on the information presented in Sections 3.4 through 3.6, potential current
and human future populations that could be exposed to contaminated media include

onsite non-intrusive industrial workers, onsite intrusive industrial workers, and offsite
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recreators and trespassers (via contact with potentially impacted surface water in the
Flightline Canal at Site SS-15B). The only contamination at Site SS-15A that could
impact ecological receptors is dissolved contaminants which migrate and discharge to
the flightline canal; based on available groundwater monitoring data, this pathway is

currently incomplete.

4.2.3 Exposure Pathways

An understanding of receptor potential exposure pathways is important in
determining how potential receptors could contact contaminated media and how that
contact could result in the uptake of chemicals. An exposure pathways analysis reviews
the contaminant sources, locations, and types of environmental releases in relation to
population locations and activity patterns to determine the potentially significant
pathways and routes of receptor exposure. A completed exposure pathway consists of

four necessary elements:
e A source and mechanism of chemical release,
« An environmental transport medium,
« A point of potential contact with a receptor, and
« A feasible route of exposure at the exposure point.

If one or more of these elements is missing, the pathway is incomplete and there is no

exposure (and therefore, no risk).

The concrete/asphalt covering limits both the contaminant transport mechanisms and
the potential exposure points at Site SS-15A. This barrier prevents contact with
contaminated soil or groundwater by current onsite personnel, prevents contact between
contaminated media and surface water runoff, reduces the potential for leaching, and

acts as a barrier to migration of soil or soil gas contaminants into the ambient
4-6
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atmosphere. There are currently no buildings at Site SS-15A. Therefore, infiltration of
organic vapors into structures is an incomplete pathway for current receptors.
However, if future land use at the Base involves construction of buildings at the site,

then this pathway could potentially become completed.

Site hydrogeology is described in Section 3.2. The flat hydraulic gradient indicates
that the horizontal groundwater and plume migration rate should be slow, reducing the
likelihood that site contaminants could impact surface water or potable water wells via
groundwater migration and discharge. Based on the information presented in Section
3.4.3, migration of contaminated groundwater to potable drinking water sources is
considered to be an incomplete pathway. Based on available groundwater monitoring
data, contaminated groundwater is not currently impacting surface water.  Site
hydrogeologic information suggests that it is highly unlikely that groundwater will
impact surface water (i.e., the Flightline Canal) in the future. Modeling to assess the

potential for groundwater to impact surface water is performed in Section 6.

Based on the industrial land use scenario and site-specific contaminated media
information, the following human receptor exposure routes may potentially be

completed and were evaluated during the data analysis process:

« Dermal contact with or incidental ingestion of contaminated soil by future onsite

intrusive workers (e.g., during future excavation activities);

« Dermal contact with contaminated groundwater by future onsite intrusive workers

(e.g., during future excavation activities);

« Inhalation of volatilized contaminants by future onsite intrusive workers (e.g.,

during future excavation activities); and

o Incidental ingestion of and dermal contact with surface water by future offsite
recreators Or trespassers.
4-7
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Available information indicates that none of these pathways currently is completed.

Therefore, only potential future exposures are assessed.

4.3 TIER 1 SCREENING ANALYSIS

It is the intention of the Air Force to obtain FDEP approval for a corrective action
for Site SS-15A that will protect potential receptors from unacceptable exposures to
site-related chemicals. To accomplish this objective, the COPCs that drive potential

risks and impact the final remedial requirements at this site were identified.

FDEP (1997) Tier 1 TCLs are based on 1) analyte-specific toxicity data; 2) an
exposure-pathway-specific cancer target risk limit of 10° (i.e., there is an added
lifetime cancer risk for people near the site of 1 additional cancer above the normal
background level in 1 million people, expressed as 10 or 1 in 1 million) and a
noncancer hazard quotient less than or equal to 1; and 3) conservative receptor

exposure assumptions.

4.3.1 Tier 1 Screening Analysis for Soil

TCLs for direct exposure of industrial workers (Direct Exposure II) were selected as
the appropriate set of Tier 1 screening values for soil at Site SS-15A. The FDEP
(1997) guidance provides industrial-scenario TCLs for petroleum constituents in soil
that incorporate risks posed by the dermal contact, ingestion, and inhalation exposure
pathways. Table 4.1 compares the maximum site concentrations for each compound
measured in soil at Site SS-15A during the 1994 contamination assessment investigation
(OHM, 1995a) and the 1997 risk-based sampling event to the Direct-Exposure II TCLs.
Based on these comparisons, TRPH, benzo(a)anthracene, benzo(a)pyrene, and

benzo(b)fluoranthene are identified as potential COPCs in soil.

48
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4.3.1.1 Request for Waiver to Tier 1 TRPH Target Cleanup Levels

Based on the precedent set for adjacent Site SS-15B, the Air Force is requesting a
waiver to the Tier I TRPH TCLs for Site SS-15A. The TRPH found in Site SS-15A
should be of the same as Site SS-15B. SS-15B contains the jet fuel pumphouses that
feed fuel into the Site SS-15A fuel distribution lines. The Tier 1 Direct Exposure II
TCL for TRPH in soil (industrial worker exposure scenario) is based on the most
conservative and health protective carbon range that can be detected by the FL-PRO
analytical method, the >Cs to Ciwo range. To assess whether the Tier 1 TCL was an
appropriate cleanup goal for the adjacent Site SS-15B, 44 soil samples were collected at
Site SS-15B in October 1997 and analyzed TRPH using the FL-PRO method (OHM,
1997). The TRPH concentrations were broken down by the analytical laboratory into
five carbon-group classes, including Cs-Cio, > Ci0-Ci2, > Ci2-Ci6, > C16-C21, and > Ca.
TRPH concentrations detected in 11 of the 44 Site SS-15B soil samples exceeded the
Direct Exposure II TCL of 2,500 mg/kg; concentrations in these 11 samples ranged
from 2,800 mg/kg to 7,600 mg/kg. However, total concentrations of Cs-Cio
hydrocarbons in these 11 samples ranged from 126 mg/kg to 403 mg/kg, and did not
exceed the Direct Exposure II TCL . The analytical results indicate that Cs-Cio
hydrocarbons represented 4.1 percent to 9.8 percent of the TRPH. The low percentage
of volatile, low-molecular-weight aromatics present in the fuel is confirmed by the low
magnitude of the total BTEX concentrations, which constituted less than 0.1 percent to
0.5 percent (average 0.3 percent) of the TRPH by mass . Based on the TRPH
classification, the primary TRPH was > Cn-Cis, which have relatively low toxicities
(FDEP, 1997). The OHM (1997) report concluded that, based on the TRPH carbon

group classification, TRPH did not appear to be a cleanup driver for the site.

A total of 20 TRPH concentrations detected in soil samples at Site SS-15A have
exceeded the Tier 1 TCL of 2,500 mg/kg. With the exception of soil from AP8-SB6
(TRPH = 15,000 mg/kg), TRPH concentrations detected in these samples (2,600
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mg/kg to 9,600 mg/kg) are similar to those detected in the Site SS15B samples.
Although the TRPH concentrations determined for Site SS-15A in March 1994 and
October 1997 were not broken down by carbon-group classes, very low total BTEX
concentrations were observed relative to the TRPH concentrations. This indicates that,
similar to Site SS-15B, Cy-C,, hydrocarbons in Site SS-15A soils are also insignificant.
Total BTEX concentrations in Site SS-15A soil samples collected in 1994 ranged from

less than 0.1 to 4.4 percent of the TRPH concentrations by mass (average 0.6 percent).

Four soil samples collected at Site SS-15A in October 1997 contained detectable
concentrations of TRPH that ranged from 21 mg/kg to 200 mg/kg. The maximum total
BTEX concentration detected in these four samples was 0.0197 mg/kg, which is
approximately 0.1 percent of the TRPH concentration detected in the same sample (see
Section 5). The 1997 data indicate that the percentage of TRPH consisting of low-
molecular-weight, volatile compounds (e.g., BTEX) is decreasing over time at Site SS-
15A due to preferential attenuation (via biodegradation and volatilization) of the more
volatile compounds. Based on the detailed analysis of TRPH completed at Site SS-
15B, and the supporting results at Site SS-15A, the Air Force does not consider the
Tier 1 TCL of 2500 mg/kg to be valid indicator of risk for this highly weathered jet
fuel. Specific analysis of VOCs, SVOCs, and PAHs at the site have been used to more

accurately identify Tier 1 soil chemicals of potential concern.

4.3.1.2 PAHs Exceeding Tier 1 Target Cleanup Levels

Concentrations of the PAHs benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,
indeno(1,2,3-cd)pyrene, dibenzo(a,h)anthracene and benzo(b)fluoranthene detected in
1994 were not reported individually in the contamination assessment report (OHM,
1995a).  Instead, combined concentrations for PAH pairs were reported (i.e.,
benzo(a)anthracene + chrysene, dibenzo(a,h)anthracene + indeno(1,2,3-cd)pyrene,

phenanthrene + anthracene, and benzo(b)anthracene + benzo(k)anthracene) because
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the analytical method used (USEPA SW8100) could not resolve individual
concentrations of these analytes. In some cases, the maximum combined concentration
of the PAH pair detected in soils was less than the Direct-Exposure II TCL for one or
both individual PAHs, indicating that one or both of the PAHs should not be considered
a COPC. However, the maximum combined concentration of ihdeno(1,2,3-cd)pyrene
+ dibenzo(a,h)anthracene detected in 1994 (18 micrograms per kilogram [pg/kg]
exceeded the Direct Exposure II TCLs for these compounds (5.2 pg/kg and 0.5 pg/kg,
respectively); therefore, these PAHs were not eliminated from further consideration.
Similarly, the combined concentration of benzo(b)fluoranthene + benzo(k)fluoranthene
(37 pglkg) exceeded the Direct Exposure II TCL for benzo(b)fluoranthene (5 pg/kg).
Because, the maximum concentration of benzo(b)fluoranthene detected in October 1997

also exceeded the TCL, this analyte was retained as a COPC.

The October 1997 soil quality data were examined to assess the relative frequency of
detection of indeno(1,2,3-cd)pyrene and dibenzo(a,h)anthracene in site soils. At least
one of the two compounds were detected in five of the eight samples collected.
Assuming that the non-detected compound was present at a concentration equal to one-
half the MDL, the ratio of indeno(1,2,3-cd)pyrene to benzo(a,h)anthracene in the five
samples ranged from 22:1 to 335:1 and averaged 167:1. These ratios suggest that
indeno(1,2,3-cd)pyrene is substantially more abundant in petroleum-contaminated site
soils than dibenzo(a,h)anthracene, and that dibenzo(a,h)anthracene may not be a COPC
in soil at Site SS-15A.

The maximum soil contaminant concentrations were not compared to the leachability
TCLs presented in Table IV of FDEP (1997). The leachability criteria were established
to ensure that leaching of residual contamination adsorbed to soil particles will not
result in significant impairment of groundwater quality. At Site SS-15A, the vadose
zone is thin (approximately 5 feet thick), the pavement limits percolation of
precipitation through site soils, and groundwater is continually or seasonally in direct
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contact with contaminated soil, minimizing the significance of downward leaching of
contaminants from the vadose zone to the water table. In addition, the contamination
has been present for more than 30 years (the SS-15A distribution lines have not been in
servicé since the early 1960s), and the impacts of site contamination on groundwater
quality have been fully demonstrated by the results of several yéars of groundwater
monitoring. The gradual desorption of residual fuel contaminants from the soils and
dissolution into the groundwater is significant to the extent that the contaminants in
soils represent a continuing source of groundwater contamination. The length of time
that the soil contamination will continue to cause dissolved contaminant concentrations

to exceed Tier 1 TCLs (Table V levels in Chapter 62-770) is addressed in Section 6.

4.3.2 Tier 1 Screening Analysis for Groundwater

The Tier 1 groundwater TCLs presented by the FDEP (1997) and used in this CAP
are based on the conservative assumption of unrestricted future use of groundwater
(e.g., use as a drinking water source). Comparisons of the TCLs for unrestricted
groundwater use to maximum concentrations of compounds detected in groundwater
samples collected between December 1996 and October 1997 are presented in Table
4.2. Based on these comparisons, benzene, ethylbenzene, MTBE, acenaphthene,
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
naphthalene, and TRPH are identified as the COPCs in site groundwater. It should be
noted that, for most of the analytes, the concentrations exceeding Tier 1 TCLs were
limited to 3 or fewer of the 23 wells sampled, and therefore appear to be localized

occurrences at the site.

Maximum dissolved contaminant concentrations also are compared to Table IX
Natural Attenuation Source Default Values in Table 4.2. During the period from
December 1996 to October 1997, only naphthalene and TRPH exceeded their default
values at four wells (AP11-MW14, AP17-MW40, AP23-MW67, and AP26-MW75)

and one well (AP11-MW14), respectively. The limited number of default value
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exceedences suggests that natural attenuation is an appropriate remedial alternative for

site groundwater.

4.3.3 Tier 1 Screening Analysis for Soil Gas

FDEP (1997) guidance does not provide TCLs for screening soil gas concentrations
or for directly screening ambient air values. FDEP guidance accounts for the potential
for volatilization of contaminants from soils into ambient air in the calculation of the
Tier 1 TCLs for direct contact with soil. TRPH was the only volatile COPC detected
above Tier 1 TCLs in soil, indicating that exposure via volatilization from soil into
ambient air will not present appreciable risks. The Tier 1 TCLs do not account for the
presence of the concrete/asphalt cover at the site, which would act to further minimize

the potential for exposure via the inhalation pathway.

As a secondary means of assessing the potential for exposure via inhalation of
volatiles, soil gas samples collected in October 1997 were analyzed for BTEX, and
maximum detections of each compound were compared to the chemical-specific
Occupational Safety and Health Administration (NIOSH, 1997) 8-hour time-weighted
average Permissible Exposure Limits (PELs). Table 4.3 presents the results of this
comparison. Xylene was detected above the OSHA PEL in the sample collected at
MW-41. However, the analytical result is qualified as being biased due to matrix
interference. All other detections of xylene were below the PEL. No other compounds
were detected at concentrations above the PELs. The comparison of soil gas values to
ambient air PELs is weighted averages, whereas the maximum detected value
represents a worse-case scenario at a localized hotspot.  Subsurface soil gas
concentrations are not represent of potential ambient air exposure concentrations
because they do not account for the presence of the asphalt/concrete cover, or the
dilution which would occur as volatiles moved through the soil column and into
ambient air. Neither are subsurface soil gas concentrations representative of an
exposure concentration for onsite intrusive workers engaged in excavation activities

4-15
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TABLE 4.3
COMPARISON OF MAXIMUM SITE SOIL GAS CONCENTRATIONS

TO OSHA PERMISSIBLE EXPOSURE LIMITS
RISK-BASED APPROACH TO REMEDIATION

SITE SS-15A
HOMESTEAD AFB, FLORIDA
Maximum Detected OSHA Maximum Concentration

Chemical Concentration (ppmyv a/) PEL (ppmv) b/ Above PEL?
Benzene ND ¢ 1 No

Toluene 6sM Y 200 No
Ethylbenzene B ‘ 54M o 100 No

Xylenes - S o2AOM - 100 Yes.

TVHY 22,000 -7 -

J ppmv = Parts per million, volume per volume.

o Occupational Safety and Health Administration (NIOSH, 1997) 8-hour
time-weighted average permissible exposure limit.

¢ ND = Not detected above reporting limits.

Y M data qualifier indicates potential bias due to matrix interferences.

¢ TVH = Total volatile hydrocarbons.

¥n_v = No PEL available.

1298/15.xIs/Table 4.3 !
022/731298/15.xIs/Table 4-16




because they do not account for the volatilization that could occur during excavation of
soils or for the dilution of soil gas concentrations in ambient air. Nonetheless, if future
excavation of contaminated soils proves to be necessary, appropriate air monitoring and
personal protective equipment should be required to ensure that construction workers in

trenches are not exposed to adverse soil gas levels.

Based on the single detection of xylene above the OSHO PEL, the highly
conservative nature of the screen, and the fact that no detections of xylene in soil
exceeded the Direct Exposure II TCL (which incorporate the inhalation pathway), the
inhalation pathway will not be further developed in this report.

4.3.4 Summary of Site SS-15A COPCs

Table 4.4 summarizes the COPCs identified for soil, groundwater, and soil gas at
Site SS-15A. Based on comparisons of the maximum soil concentrations to FDEP
(1997) TCLs for ingestion, dermal exposure, and inhalation (of volatilized compounds
and soil particulates) (Table 4.1), benzo(a)anthracene, benzo(a)pyrene, and
benzo(b)fluoranthene, are identified as site COPCs in soil. As discussed in Section
4.3.1.1, Tier 1 TRPH target cleanup levels are not appropriate for the highly weathered
jet fuel residuals which remain on the site.  Although the concentrations of
indeno(1,2,3-cd)pyrene and dibenzo(a,h)anthracene detected in October 1997 did not
exceed the Tier 1 TCLs for these compounds, they were not eliminated from further
consideration because the 1994 soil quality analyses did not resolve individual

concentrations of these analytes.

Based on comparisons of the maximum detected site chemical concentrations to the
Tier 1 TCLs for groundwater, benzene, ethylbenzene, MTBE, acenaphthene,
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,

naphthalene, and TRPH are identified as the groundwater COPCs (Table 4.4).

4-17
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SECTION 5§

NATURE AND EXTENT OF CHEMICALS OF POTENTIAL
CONCERN

5.1 OVERVIEW

This section summarizes the nature and extent of COPC contamination in soil, soil
gas, and groundwater at Site SS-15A. Data from earlier site characterization activities
(OHM 1995a, 1995b, 1996a, 1996b, 1996¢c, 1997a, 1997b, and 1997c) and the 1997
risk-based remediation field investigations are included in this discussion. Based on the
OHM data, contamination in soil and groundwater resulting from fuel releases at valve
boxes and leaks in the distribution piping, occurs in a number of isolated areas beneath
the Flightline Apron. Discussion in this section is limited to those chemicals that were
identified as COPCs based on the Tier 1 screening analysis presented in Section 4. The
COPCs are listed in Table 4.4. In addition, the areal extent of PAHs that are possible
COPCs in soil [indeno-(1,2,3-cd)pyrene and dibenzo(a,h)anthracene] is presented (see
Section 4.3.1).

5.2 SOURCES OF CONTAMINATION

Subsurface contamination at Site SS-15A is the result of leaking underground jet fuel
(JP-4) distribution pipelines and fueling/defueling valve boxes. The lines were installed
beginning in 1956, were removed from service in the 1960s, and were abandoned in
place in early 1994 (OHM, 1995a). The FHS piping was purged of fuel, tested, and
grouted (OHM 1995a). Line AP-4 was left open for possible future use. The quantity

of fuel released from the FHS has not been determined.
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According to (reference), the only PAH compounds in JP-4 are naphthalenes.
Therefore, the higher molecular weight COPCs detected in groundwater (e.g.,
benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene) may have a different source
than the naphthalenes and aromatic VOCs. If the fuel pipelines are coated with a tar-
like substance, then exposure of the tar coating to JP-4 could have caused leaching of
the higher molecular weight PAHs into the surrounding soil and groundwater.
Alternatively, low levels of PAHs may have leached into soil and groundwater from the

asphalt pavement covering much of the site.

5.3 SOIL GAS SAMPLING RESULTS

Soil gas samples were collected at Site SS-15A to facilitate assessment of the
potential risk to future workers at the site from inhalation of VOCs, and to determine
whether or not sufficient O, is available in the soil gas to sustain aerobic fuel
hydrocarbon biodegradation. Nine soil gas samples were collected from the AP-26
area, which was the focus of the risk-based field investigation, and six samples were
collected from the northern end of AP-18, which had high soil VOC results (maximum
of 176 mg/kg) during the 1994 investigation (OHM, 1995 ). The samples were
analyzed in the field for concentrations of O,, CO,, and TVH, and four soil gas
samples from locations that exhibited relatively elevated TVH levels also were

submitted to Quanterra, Inc. for analysis of BTEX and TVH (referenced to jet fuel).

Field and laboratory analytical results for 1997 soil gas samples are summarized in
Table 5.1. Comparison of maximum soil gas BTEX concentrations to OSHA 8-hour
time-weighted average PELs (Table 4.3) indicated that xylenes at AP18-MW41 pose a
potential inhalation risk to future intrusive workers. This is the same location where
significantly elevated total VOC concentrations were detected in soil in 1994. The field

screening data indicate that soil gas O, levels in areas of fuel-contaminated soils have

* been depleted due to microbial respiration during aerobic biodegradation of the fuel

compounds. Concentrations of CO,, which is a metabolic byproduct of biodegradation
52
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TABLE 5.1
. FIELD AND LABORATORY ANALYTICAL RESULTS FOR SOIL GAS
OCTOBER 1997
RISK-BASED APPROACH TO REMEDIATION
SITE SS-15A
HOMESTEAD AFB, FLORIDA

. Field Screening Data Laboratory Analytical Data”
Sample Carbon Ethyl-
Sample Depth Oxygen Dioxide TVH TVH Benzene Toluene benzene Xylenes
Location (ft bgs)b/ (percent)  (percent) (ppmv)d (ppmv) (ppmv) (ppmv) (ppmv) (ppmv)
AP-18
VW-1 2.55.3 NAY NA NA NA NA NA NA NA
MPA 4.04.5 0.0 16.8 > 20,000 NA NA NA NA NA
MPB 4.0-4.5 0.0 16.0 1,900 NA NA NA NA NA
MW-41 3.25-5.3 0.0 13.5 9,200 22,000 <1 65M" 54M 240M
MwW-42  3.25-5.3 0.0 16.3 680 NA NA NA NA NA
MW-43 3.25-5.3 0.0 16.0 840 1,500 <0.052 4.7 2.7 24M
AP-26
MW-75 3.0-5.3 0.0 17.8 5,600 7,300 <0.54 25M 30M 84
MW-76 2.5-5.3 WATERY NA NA NA NA NA
MW-77 2.55.3 0.0 15.5 3,600 NA NA NA NA NA
MW-104  2.5-5.3 WATER NA NA NA NA NA
. 3.0-5.3 19.0 1.5 72 NA NA NA NA NA
Q’—ll?’ 3.0-53 5.0 8.5 3,800 NA NA NA NA NA
Ww-114  3.0-5.3 0.0 8.2 >20,000 8,900 <0.27 24 3IM 95
MW-115  3.5-5.3 13.5 6.0 440 NA NA NA NA NA
Mw-116  3.0-5.3 0.0 8.2 600 NA NA NA NA NA

% Laboratory analysis of soil gas performed using USEPA Method TO-3. C5+ hydrocarbons referenced to jet fuel (MW =156);
C2-C4 hydrocarbons referenced to propane (MW =44),

% ft bgs = feet below ground surface.

¢ TVH = total volatile hydrocarbons; ppmv = parts per million, volume per volume.

¥ NA = Sample not analyzed.

¥ < = compound analyzed for, but not detected. Number shown represents the laboratory method detection limit.

M= Reported value may be biased due to apparent matrix interferences.

¢ Unable to collect soil gas sample due to saturated condtions.

5-3
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reactions, are correspondingly elevated. These data indicate that the addition of oxygen
to contaminated soils (e.g., bioventing) would be effective in reducing the source of
dissolved groundwater contamination. The soil gas analytical results are discussed

further in Section 7 of this CAP.

5.4 SOIL SAMPLING RESULTS

Soil sampling was performed at Site SS-15A during 1994 (OHM, 1995a) and as part
of the recent risk-based investigation. In 1994, OHM drilled 232 soil boreholes along
and between the fuel distribution lines located beneath the Flightline Apron to identify
potential “hotspots” of fuel contamination. Parsons ES drilled and sampled an
additional 8 soil boreholes along Apron Lines AP-15, AP-18, AP-20, and AP-26 in
October 1997. Soil samples at Site SS-15A have been analyzed for TRPH, aromatic
VOCs including BTEX and MTBE, and PAHs. The compounds initially identified as
soil COPCs as a result of the Tier 1 analysis include benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, and TRPH. As discussed in Section 4.3.1.1,
Tier 1 TRPH criteria were not deemed appropriate for this highly weathered fuel
residual. Soil quality data obtained for this risk-based project in October 1997 are
summarized in Tables 5.2 and 5.3, and 1994 data are presented in Appendix A.

Available soil analytical data indicate that soil COPCs are generally confined to
isolated areas of shallow soils at depths less than 5 to 7 feet bgs. Soil COPCs with
maximum concentrations exceeding Tier 1 screening levels are listed in Table 4.4, and
Figure 5.1 presents the concentrations and distribution of COPCs exceeding the Tier 1
screening levels. The Tier 1 (Direct Exposure II) TCL of 0.5 mg/kg for
benzo(a)pyrene was exceeded in 21 samples (maximum concentration of 16 mg/kg at
location AP20-SB6) in 1994 and in 4 samples (maximum concentration of 7.4 mg/kg at
location AP26-SB1-5) in 1997. Benzo(a)anthracene and benzo(b)fluoranthene

concentrations (maximum concentrations of 11 mg/kg and 7.4 mg/kg, respectively at

5-4

022/731298/14.DOC




TS 9198, SIX'S1/86T1€L/TT0

"DOL 103 0906 MS PUE ‘HAYUL 10f OUd-"1d “SS[UE[0A OLEUIOIE 0] OZOSMS 218 SPOYIW SISA[EUY :9)ON
‘PazAteue JON = VN A

] Jurprodar 9y} pue JIWI] UOLO3}OP POYIOW Y} USSM]I] UOHEHUIOUOD © J Poynuapr A[oAnisod sem ajA[eue oy, = [f s
‘] Sunodar oy 9A0qe Jussald jou s pue 10§ pazA[eue sem d)AJeue Y], = ) »
*(0LL-79) (oLreuass [erysnpur) a1sodxa J091Ip 10 [943] dnues]d 19818} (L661) UOHOS)0I [BIUSWUONAUL JO Jusuniedac] BpLUOL] »
‘uoqIed d1uesio [Bjo], = DOL »
*su0qIes0IpAy umajonad a[qeIaA0021 [210], = HAL A
‘urexgoqy 1od sweadypA = 3x/8w p

If 008 VN VN VN VN VN YN VYN VN VN VN 01 -8 | L6/¥T/01 | 8-SHS-9TdV
1f08L VN VN VN VN VN VYN VYN VN VN VYN 8-9 | L6/¥T/01 | 9-S9S-9TdV
A VYN 1900°0 {If ¥£00°0] 19000 N +$700°0 120°0 19000 | N19¢£000 | N8¥00°0 | N 8000 L-S | L6/¥T/01 | S-pHS-9TdV
VN IZ  |18S00°0|If L100°0] N 8S00°0 8100 €200 f 142000 | 1S€000 | 1L €50000{ T£€1000 | S-€ | L6/¥T/O1 | €-+LS-9CdV
VN (44 01 6500°0|1£ 8100°0] N 65000 | N $T00°0 10°0 165000 | NSL000 | NLYOO'0 | NLYOOO | L-S | L6/bT/01 | S-€dS-97dV
VN VN }118500°0{18500°0] 185000 {NE€TO00| 6,000 | N8SO00 | NSEO00 | NLYOOO | NLYOOO | S-€ |L6/4T/01 | €-2dS-97dV
VN VN 1116500001 65000] 165000 |[N+T000| 6¥00 | N65000 | NSE000 | NLYO0'O | NLY00'0 | L-S | L6/4T/01 | S-19S-97dV
VN N¢TI ]N6S000JIfST00°0] N6S00°0 |N+T000 N H¥T000| N65000 | NSE000 | NLy000 | A Lv000 | S-€ | L6/bz/o1 | €-1dS-02dV
VN 9¢ NLLO | NLLO NLLO nieo 81 nLLO Nn8so Nn179°0 Nnee0 S-¢ 1L6/VT/01 |- TMA-8IAV
AN 00 |116500°0}N 65000 165000 | N ¥T00'0 |N1+T00°0 LIf SLOOO'Q 1SE00°0 | NLYOOO | LA LVOOO | ¥-T |L6/4T/01 | T-1dS-S1dV
(399)) eq uoned]
5&0@ spdureg
- 00sz_| 06C 000 0019 (1]44 - ST - - - » 1OL dHad

@A) | (ByBw) | (@yaw) | @Um) | (10 | GRm) | @A) | GiAm) | @raw) | Gram | LGuem

0L | (HdAL SOUS[AY | suan[o], | Ioyig [Ainq | suezueq | suszuaq | ouszuog | Suszusq suszuaq suazuaq

[eloL, WL AR | -IAmF | -o10[4D) -0IO[YOI( | -0IOYAId | -oropyorq

A €1 -7l

VARO ‘4AV AVILSANOH

VSI-SS ALIS

NOILVIGHAAY OL HOVOdddV TASVI-AIISTH
L661 JHdOLOO
TIOS NI DOL ANV ‘HdUL ‘SOINVOIO ATILVIOA DILVINOYV

¢S HTdVL

5-5




€S d1qeL/SIX"S1/86T1€L/TTO

"01E8MS St poyiaul sisk[euy :3JON
‘i Sunodal ayy pue JIUI] UOKOAJIP PO Y} UIMIAQ UOHBHUIIUOD € Sey pue poynuapt A[9amsod sem aif[eue o4y, = If ,

-t} Surpodai oY) 9aoqe Juasaid jou st pue 10] pozAfeue sem sjA[eue Y], =[]} »
*(0LL-79) (oLreuass fersnpui) ainsodxa 10a11p 10§ [949] dnues]d 30818} (£661) U010 [BIUSWIUOIATT JO Jusunreda(] epLofy A
‘urexgoqiy sod sureaSyIA = Sy/8w »

5-6

L1 ST nve LS°0 950 L1 nvyeo 1’1 e0 190 L8°0 'l vl S50 n+t nye L6/¥TI0L | L-S S-¥HS-97dV
LT L4 9y 1[ €0 89°0 LT neeo 88°0 920 1 S0 $9°0 180 sl LLo net ned L6/¥T/01 §-¢€ €-€S-97dV
€ S'9 nye LY0 Sl '€ nyto S'I 620 1650 8L°0 $8°0 Sl L1 nye 8’1 L6/4T/01 | L-S S-£4S-9TdV
6£°0 L8°0 NeT0 LE0°0 61°0 1¥°0 1 £20°0 8500 L10°0 I €400 £50°0 1900 L£0°0 [44Y €70 Nn¢€To L6/¥T/O1 | S-¢€ £-CHS-97dV
14! 6C n+e £y £'6 07 nvt [ 8T nes V'L 'L 11 18 nve 1011 L6/¥T/01 | L-S S-19S-9tdV
NL¥0°0 | NLYOO nvZo 1 5£0°0 NLP0°0 | NLKFOO N +¥20°0 NLv00 | NEI00 1 650°0 1100 | N8I00 Nny700 | N+70°0 nvTo nyTo L6/¥T/I01 | S-¢ £€-19S-02dV
1[ §50°0 £€°0 8¢ N9v00 110 8L0°0 N1£0°0 07900 | NLIOO 1£6£000 | 1£800°0 | 1£68000 | N1€00 $50°0 11£°0 nieo L6/vT/OL | §-¢€ £ IMA-81dV
$90°0 110 nvzo N 5£0°0 119200 | S90°0 Nn+200 I1£2200 | NEI00 1££€000 [ 1£9500°0} N 8I0O 1 #100 | oIf 1200 n+yTo L¥T0 ) L6/T/OL | ¥-T Z-1€9S-S1dV|
aeq (93)) uoyed0§
sdueg | mdag adweg
0000¥ 0006 0098 [49 000$¢ 000S¥ $0 _06# 143 000S¥ 5 $0 I 000067 00011 _oooze o101 4304
@yaw) | GyBw) | (@yBw) @y/8w) [ @yEw) | @yBw) [ @yEw) [ @yEw) [ @ysw) | @ysw) | GyAw) | (BHEw) | @ysw) | @GyAw) | GyAw) | (EyBw)
sualfg ouary |ouspeipuydeN | ousuAd suatonj] { suspue | susoempue | sussAmyy | susyue suafhiad Judpue auaikd suzoenpue | susoenp | sudjAypydeu suspydeu
-ueuayq @£ -lonp | (y'e)zueqiq -ony | (‘y‘jozuag | -tony | (eozusg | (eJozuog -uy -0y -2y
ouapuf (ozuoag (qQlozusg

VARNOTA ‘44V AVALSTNOH
VSI-SS ALIS
NOILVIGHANHA OL HOVOUddV dISVE-JASTI
(L661 YAFOLDO) 'TIOS NI SNOFIVIOITAH JDILVINOUV AVATINNATOd

€S HIdV.L



LS

opelio|oD ‘JeAue(

"3NI'IINIIIS SINIHIINIOND

SNOsSHVvd S3 SNOS¥Yd WO¥d VIVG

Bplioj4 ‘@dY PBejsewoH ‘spoAa| dnupao 3060} (il 2Jnsodx3 308.q) (B%/6w) ausopiyiun(o)ozuag + sueskiy  v(p)a+o (°S661) WHO WO¥4 VLVQ
VSGI-SS 8US | 431l [ONPIAIPUL Y3OQ JO BUO Papsadxs SS(OUD (B/Bbw) susyjupiony(y)ozusg + euayjuosony(qozusg  A(A+9)E

uolelpswey 0} yoeosddy peseg-3siy 253y} JO SUOIIDIJUSIUCO PBUIGICD (DU} §33001PY| (6%/Bw) sueopayjun(y'o)ozusdiq + susikd (po—g'z'L) ouspul  (pa-+d]) TI0HIN0E TI0S

1661 ANV V66l .
S710S NI S2d0D HOA4 oUOIDN Y DPLIOLY J3pUN UDWS O} DB BR08 SADY

(63/6w) ocvﬁcﬁozcwaMoN:nm MWMMM
S3ONVQA330X3a | ¥3iL v(e)a

MumeEv auaukd(p)ozueg
(6%/bw) suasoayjuo(p)ozusg SIX08 IATIVA ANV

AN

SUOI}PUCD YYM UOJOD JOU}INy OU JOj PIpUBWIODDI YA ONNAAYS | £661 3NM 13N NO¥dY
. ‘519A9] dnupad 38640y | JB|l JO S2IUDPIIOXI PAII}DIS NOLLVYOOT I1dNVS |F8S—92dV
'S 34NOId
SUOCIJPUOD }NOYYIM UOCIIOD JoY}Iny OU JOJ PIPUIIOIBI [N EREN
1334 !sj@As| dnubap 386u0) | Jalf JO §90UDPaIIIXS ON
! s |
00S o} 0se 00s
€1 v(o)a+o) S9 ¥(p)a+d)
(99 <Mem+o wn.a %_zwa (s v(P)E+d) (7o uM,_w.. ev
(v8°0 pa+d) (o) oa+d)) (1 A0H+a)g (g0 oa+d)) (z'v va+d| (€1 va+d) 81 vq-+di (z'L og+dl)
' d(oYa WO [ QL] 98'0 d()a vy a(0)8 91 d(oya 01 d(o)a (2'g v(P)a+)
¥881 Y661 ¥661 Y861 7661 Y661 (1Z oa+d|
98S~LZd¥ £85-6Zdv S8S—¥ZdV ¥85-2Z/12d¥| |¥ES—1Zd¥ 98S~-0ZdY 8L d(o)a
4 ¥661
> = cas—vidv
% VNYD 3NMLHON = IVYNVYD ANMLHOTA
> <
=<
m o
£z s 9 [ 1" ot [] ] £-av 3-av S—dv

L1661

¥661

o

. .‘ . Ll i\
(c60 og+dl) Mn.— A<?_vvm._v.cv 2¢ V(0)a+0)
Q.Manmuvm Amm um_.umw wﬁ«amuuﬁw%v E..o og+d))
ls—£85-9z4Y] ool z¥ 458 o1 4(o)8 990 d(®)a
1eS—8zdv ! £BS-Z2dV vee! Yoot
(¥6°0 og+di) cas—aidv 18S—L1d¥
'L d(o)@ | 18°0 d(0)8 z'} d(o)a
7681 1661 661 %m ?v_m,.mmw (6'9 v(o)a+d (9°1 Da-+di)
ya5-9Zdvic—vas-ozdv] | [18S—S2dY (6'c pa+di) (52 oa+d) (99°0 oa-+di) Z'1 d(0)8
zy d(P)d 950 d(P)a Y661
vL Aq)8 yesL 18S-SldV
¥L d(P)a £85—-02dY.
1 v(o)a
1661,
5-185-82dV|

24v\Po\S3\ 'S

oY gL 30 86/9Z/80 ‘BMP'LSBONUBE\BEZIS




location AP26-SB1-5) exceeded their respective screening levels of 5.1 mg/kg and 5
mg/kg at only one location in 1997.

The degree to which benzo(a)anthracene, benzo(b)fluoranthene, indeno(1,2,3-
cd)pyrene, and dibenzo(a,h)anthracene exceeded their respective soil screening levels in
1994 is not known because the analytical method used (SW8100) could not resolve
individual concentrations of these analytes. Combined concentrations for PAH pairs
that exceeded the individual Tier 1 (Direct Exposure II) TCL for one or both of the
individual PAHs also are shown on Figure 5.1. The long-term impacts of soil
contamination on underlying groundwater at this site, accounting for site-specific

conditions, are considered in Section 6.

5.5 GROUNDWATER SAMPLING RESULTS

This subsection summarizes the results of groundwater sampling events conducted
during previous site investigations, quarterly MO events, and the 1997 focused field
investigation performed in support of risk-based remediation of Site SS-15A. The
analytes identified as groundwater COPCs based on the Tier 1 screening are benzene,
ethylbenzene, MTBE, acenaphthene, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, naphthalene, and TRPH. Groundwater
quality data obtained by Parsons ES in 1997 is summarized in Tables 5.4 and 5.5, and
all available analytical results for groundwater samples obtained by OHM since 1994

are presented in Appendix A.

Similar to the distribution of soil contamination, groundwater contamination occurs
in a number of isolated locations beneath the Flightline Apron, likely due in part to the
flat groundwater gradient and estimated low flow rate (see Section 3.2). Areas with
groundwater contamination roughly coincide with the source areas characterized by

contaminated soils; therefore, significant migration of dissolved contaminant plumes
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has not been observed. The maximum migration distance observed to date was at
Apron Line AP-26 in the vicinity of valve box 1, where contaminants appear to have
migrated approximately 70 feet from the source area (valve box 1). Additionally,
groundwater contamination is limited to the shallow portion of the surficial aquifer (less

than 25 feet bgs) (OHM, 1996¢; Geraghty & Miller, Inc., 1993).

Shallow groundwater contamination was detected at Site SS-15A during groundwater
investigations conducted in 1994 (OHM, 1995a). During these investigations, 103
permanent wells were installed and sampled at Site SS-15A and analyzed for aromatic
VOCs and halogenated VOCs (VOHs), ethylene dibromide, PAHs, TRPH, and total
and dissolved lead. Subsequently, a quarterly MO program has been conducted, with
seven sampling events having been completed to date. During the MO period, 27
additional monitoring wells were installed. The number of wells sampled and analyses
performed during the monitoring period has varied; during the most recent event for
which data are available (October 1997), 40 wells were sampled and analyzed for
VOHs, VOAs, and PAHs. Groundwater samples from 23 existing wells also were
collected during the October 1997 risk-based field investigation performed by Parsons
ES. These samples were analyzed for VOAs, PAHs, TRPH, and various inorganic and
geochemical indicator parameters to evaluate natural chemical and physical attenuation
processes that are occurring at the site. The analytes targeted at each well were varied
to avoid duplication of OHM’s October 1997 MO sampling. For example, well AP26-
MW?75 was targeted to be sampled during the same time period by both OHM (MO
event) and Parsons ES (risk-based remedial investigation). Therefore, the risk-based
analytical suite for this well was tailored where feasible to avoid duplication of

analyses.

Based on the results of MO sampling events performed in December 1996-January
1997, July 1997, and October 1997, one or more COPCs exceeded their respective Tier
1 (Table V) TCLs at a total of 25 locations. Figure 5.2 presents the maximum
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concentrations of groundwater COPCs detected above their respective Tier 1 screening
levels at each of the sampled monitoring wells during the three recent monitoring events
described above. The Table V TCLs for the volatile COPCs benzene, ethylbenzene,
and MTBE were exceeded at 22 wells, 3 wells, and 3 wells, respectively. The Table V
TCLs for the following PAHs also were exceeded: aceﬁaphthene (3 wells),
benzo(a)anthracene (5 wells), benzo(a)pyrene and benzo(k)fluoranthene (2 wells each),
benzo(b)fluoranthene (1 well), and naphthalene (15 wells). The Table V TCL for
TRPH was exceeded at 2 wells. The maximum concentrations of COPCs detected
during the three monitoring events performed from December 1996 through October
1997 were benzene (28 pg/L), ethylbenzene (130 pg/L), MTBE (80J* pg/L),
acenaphthene (25 pg/L), benzo(a)anthracene (7 pg/L), benzo(a)pyrene (5 pg/L),
benzo(b)fluoranthene (5 png/L), benzo(k)fluoranthene (5 pg/L) naphthalene (330 pg/L),
and TRPH (76 mg/L). The J* qualifier indicates that the value is estimated due to

elevated surrogate recovery.

It should be noted that the MDLs for historical groundwater quality results have not
always been lower than the Tier 1 TCLs. For example, the MDL for benzo(a)pyrene
using USEPA Method SW8270 (the method used by OHM to analyze for PAHs) is 5
pg/L, compared to a Tier 1 TCL of 0.2 pg/L. Therefore, it is conceivable that
benzo(a)pyrene was present in groundwater samples at a concentration between 0.2

pg/L and 5 pg/L, but was not detected during previous analysis.

The effects of the chemical characteristics and site-specific characteristics of each of
the groundwater COPCs on their fate and transport within the shallow groundwater are
examined in Section 6. Emphasis is placed on documenting the effects of natural
physical, chemical, and biological processes on COPC mass, concentration,

persistence, toxicity, and mobility.
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SECTION 6
QUANTITATIVE TIER 2 CHEMICAL FATE ASSESSMENT

6.1 INTRODUCTION

The fate and transport of COPCs in environmental media at Site SS-15A must be
considered when assessing the need for and feasibility of certain remedial approaches to
mitigate potentially unacceptable risks to human or ecological receptors. The purpose
of this section is to quantitatively estimate the effects of various site-specific natural
attenuation processes on the fate and transport of COPCs. These processes include
leaching, dispersion, diffusion, adsorption, and biodegradation. Particular emphasis is
given to documenting verifiable COPC biodegradation in both soils and groundwater.
This section summarizes and interprets specific site characterization data relevant to
documenting the effectiveness of natural chemical, physical, and biological processes
that are minimizing COPC migration and reducing COPC concentration, mass, and
toxicity over time. This quantitative fate assessment is used to estimate the timeframe
to attain Tier 1 cleanup criteria using natural attenuation, and to determine whether
natural attenuation will be effective in controlling the migration of contaminants from

the site.

As discussed in Section 4, a number of PAHs [benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, and  possibly also indeno(1,2,3-cd)pyrene and
dibenzo(a,h)anthracene] detected in soil at Site SS-15A exceeded their respective health-
protective Tier 1 (Direct-Exposure II) TCLs designed to be protective of possible future
site workers (Table 4.1). In addition, several site-related compounds were detected in
groundwater during recent sampling events at concentrations above health-protective
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Tier 1 (Table V) TCLs. Benzene, ethylbenzene, MTBE, acenaphthene,
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
naphthalene, and TRPH were measured in groundwater during the December 1996
through October 1997 sampling events at concentrations above the most restrictive
groundwater TCLs (Table 4.2). Based on available groundwater monitoring data,
surface water is not impacted by contaminated groundwater from Site SS15A.
Therefore, there are no site-related COPCs for surface water. The short- and long-term
fate and transport of these COPCs within affected environmental media at Site SS-15A

is discussed in the following sections.

6.2 OPERATIVE MECHANISMS OF CONTAMINANT ATTENUATION

Understanding the fate of COPCs in environmental media is critical to evaluating
and predicting contaminant distribution patterns. There are several physical, chemical,
and biological processes that influence how a chemical behaves in soil and
groundwater. The following sections present a brief overview of the major chemical
and physical characteristics that define the fate of COPCs in soil and groundwater at
Site SS-15A. These characteristics ultimately determine if the mass of contaminants in
the environment can be eliminated or rendered immobile by natural processes. The
positive effects of these natural processes on reducing the actual mass of COPCs and/or
minimizing leaching or the extent of migration in groundwater are termed natural

attenuation, or intrinsic remediation.

6.2.1 Nondestructive Chemical Attenuation Processes

Nondestructive attenuation processes can be described as those physical and
chemical processes that may prohibit significant contaminant migration but will not
result in a permanent reduction in contaminant mass. Examples of nondestructive
attenuation processes include volatilization, sorption, advection, and hydrodynamic
dispersion. These processes must be evaluated when determining whether some type of

remediation is warranted because chemical contamination poses or has the potential to
6-2
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pose a risk to human or ecological receptors. If contamination cannot reach a potential

receptor exposure point, the contamination poses no risk.

6.2.1.1 Solubility

The water solubility of a chemical species defines how that particular chemical could
partition (leach) from a contaminant source (e.g., LNAPL, contaminated soils) and
dissolve into and migrate with groundwater. In general, lighter hydrocarbon chains
tend to be more water soluble than heavier hydrocarbon chains. For example, the
water solubilities of the soil COPCs are as follow: benzo(a)anthracene, 5.7 pg/L to
16.8 pg/L.  (Davis et al., 1942; Klevens, 1950; Mackay and Shiu, 1977; May et al.,
1978; Smith er al., 1978; Walters and Luthy, 1984); benzo(b)fluoranthene, 1.2 to 14
png/L (USEPA, 1980 and 1982); benzo(a)pyrene, 0.5 pg/L to 4.5 pg/L (Billington et
al., 1988; Davis and Parke, 1942; Davis ef al., 1942; Eadie et al., 1990; Mackay and
Shiu, 1977; and Schwarz and Wasik, 1976). The water solubilities of the potential soil
COPCs indeno(1,2,3-cd)pyrene and dibenzo(a,h)anthracene are 62 pg/L (Sims et al.,
1988) and 0.5 to 2.5 ng/L, respectively (Davis et al., 1942 and Means et al., 1980).

In contrast to these PAHs, the BTEX compounds have solubilities ranging from
approximately 152 mg/L (ethylbenzene and xylenes) to 1,780 mg/L (benzene) (Bohon
and Claussen, 1951; Mackay and Shiu, 1981; Verschueren, 1983; Isnard and Lambert,
1988). Consequently, even though the lighter hydrocarbons such as the BTEX
compouﬁds may comprise a low mass fraction of the initial source of contamination
(e.g., about 4 percent of fresh JP-4 jet fuel), these compounds preferentially leach from
contaminated soil and LNAPL into groundwater and migrate as dissolved contamination
(Lyman et al., 1992).

6.2.1.2 Sorptive Properties

Another chemical characteristic that can govern how a compound may migrate (or
become attenuated or occluded) within soil and groundwater is its sorptive properties.
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Organic contaminants like the COPCs at Site SS-15A sorb to that portion of the soil
matrix that is composed of organic carbon and clay particles. If a contaminant can be
strongly sorbed to organic carbon and/or clay particles in either unsaturated or
saturated soils, the compound will be less mobile and less likely to be transported great
distances from the source area. Benzene does not sorb readily to soil and is considered
the most mobile of the BTEX compounds (Abdul er al., 1987). MTBE also is
relatively mobile in groundwater systems. In comparison, naphthalene and other PAHs
sorb much more strongly to the soil matrix, and migration is limited in both soil and

groundwater (Verschueren, 1983; Wiedemeier et al., 1995).

The TOC content of saturated soils was measured as part of the 1997 sampling event
at Site SS-15A. The TOC contents measured in two uncontaminated saturated soil
samples from SBS, collected upgradient from valve box 1 at apron line AP-26, were
0.078 and 0.080 percent, respectively. The presence of TOC in the aquifer matrix
indicates that sorption of fuel contaminants to soil particles is most likely retarding the

mobility of the COPCs relative to that of groundwater.

6.2.1.3 Volatility

The volatility of each COPC also can affect how the chemical behaves in the
environment. The volatile COPCs detected in soil and/or groundwater at Site SS-15A
include BTEX and MTBE. These compounds have vapor pressures ranging from about
6.6 millimeters of mercury (mm Hg) for xylene to 249 mm Hg for MTBE
(Montgomery and Welkom, 1990; Daubert and Danner, 1989). The detection of BTEX
in soil gas samples collected at the site confirms that these compounds are partitioning
from soil and groundwater into the vapor phase. The potential pathway involving
volatilization from subsurface environmental media was not directly investigated as a
mass transport mechanism at Site SS-15A. The site is covered by up to 18 inches of
concrete and/or asphalt pavement, which eliminates effective mass transfer via

volatilization into the outdoor atmosphere.
6-4
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6.2.1.4 Advection and Hydrodynamic Dispersion

Advective transport is the transport of contaminants by the bulk movement of
groundwater. As described in Section 3.2, the advective groundwater flow velocity at
Site SS-15A is relatively slow (average of approximately 5 fi/yr); the advective
migration velocity of most dissolved contaminants is anticipated to be even slower due
to the effects of retardation (Section 6.2.1.2). The slow contaminant migration velocity
is significant in that microorganisms have more time to biodegrade the contaminants

before they can reach a receptor exposure point.

Hydrodynamic dispersion, which includes mechanical dispersion and diffusion, is
another important process causing dilution of contaminants dissolved in groundwater.
Whereas advection is controlled by macroscopic movement of groundwater,
hydrodynamic dispersion is typically governed by molecular diffusion and/or tortuosity
of groundwater flow through pore spaces. Advection and hydrodynamic dispersion of
dissolved contaminants in groundwater underlying Site SS-15A will tend to reduce
measurable concentrations over time but will not bring about a reduction in overall
contaminant mass. The long-term fate and transport of dissolved contaminants,
accounting for the influence of these hydrogeologic characteristics, is quantitatively
investigated in Section 6.6.4. This information is used to determine if natural
attenuation will prevent potential unacceptable exposure of receptors, Ishould an

exposure pathway involving groundwater be completed in the future.

6.2.2 Destructive Chemical Attenuation Processes

In comparison to nondestructive chemical attenuation processes, destructive chemical
attenuation processes result in the permanent removal of contaminant mass from the
environment. Primarily as a result of the operation of destructive chemical attenuation
properties, Tier 1 TCLs will be attained. Documenting and distinguishing the effects of
destructive attenuation processes, such as biodegradation, from nondestructive
attenuation processes is critical to evaluating the potential for RNA to bring about a
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reduction in contaminant mass over time. The effectiveness of destructive attenuation
processes at reducing contaminant mass at a site depends on how susceptible the
chemical is to biodegradation and whether the site is characterized by physical,

chemical, and biological conditions favorable to such processes.

Numerous laboratory and field studies have shown that hydrocarbon-degrading
bacteria can participate in the degradation of many of the chemical components of
different types of fuels (e.g., JP-4 jet fuel) under both aerobic and anaerobic conditions
(e.g., Jobson et al., 1972; Perry, 1977; Atlas, 1981, 1984, and 1988; Gibson, 1984;
Reinhard er al., 1984; Young, 1984; Bartha, 1986; Wilson et al., 1986, 1987, and
1990; Baedecker et al., 1988; Lee, 1988; Chiang et al., 1989; Grbic-Galic, 1989 and
1990; Leahy and Colwell, 1990; Parker et al., 1990; Stieber et al., 1990, 1994;
Altenschmidt and Fuchs, 1991; Alvarez and Vogel, 1991; Baedecker and Cozzarelli,
1991; Bauman, 1991; Borden, 1991; Brown et al., 1991a; Haag et al., 1991; Hutchins
and Wilson, 1991; Beller et al., 1992; Bouwer, 1992; Edwards and Grbic-Galic, 1992;
Thierrin ez al., 1992; Malone ef al., 1993; Davis et al., 1994). Biodegradation of fuel
hydrocarbons will occur when an indigenous population of hydrocarbon-degrading
microorganisms is present in the soil and groundwater, and sufficient concentrations of
electron acceptors and nutrients, including fuel hydrocarbons, are available to these
organisms. Soils and groundwater with a history of exposure to fuel hydrocarbon
compounds, such as at Site SS-15A, generally contain microbial populations capable of
facilitating biodegradation reactions (Zobell, 1946; Litchfield and Clark, 1973; Borden,
1994; Seech et al., 1994; Simpkin and Giesbrecht, 1994). The chemical basis for the
biodegradation of each of the COPCs is described in more detail in Section 6.4, where
geochemical data relevant to documenting biodegradation at the field scale at Site SS-

15A are presented.
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6.3 EVIDENCE OF CONTAMINANT BIODEGRADATION OVER TIME

The first step in determining whether site data indicate that COPCs are biodegrading
in soils and groundwater at Site SS-15A was to compare contaminant concentrations at
selected sampling locations over time. The purpose of this comparison was to assess
the evidence of field-scale contaminant mass loss. Decreases in the magnitude of
contaminant concentrations at a site over time that cannot be explained by physical
processes (e.g., source removal, mass transport in groundwater) may be the first

indication that contaminants are biodegrading at the site.

6.3.1 Observed Contaminant Loss From Soil

There is evidence for natural attenuation of contaminants in soil at Site SS-15A. As
discussed in Section 4.3.1.1, remaining fuel residuals at this site are highly weathered
and contain less than 5 percent of their original BTEX content. Comparison of
maximum soil concentrations detected in 1994 and 1997 at three locations (OHM soil
boring locations AP15-SB2, AP20-SB6, and AP26-SB1), presented on Table 6.1,
indicates that contaminant concentrations generally decreased at AP15-SB2 and AP20-
SB6. Conversely, 1997 contaminant concentrations at AP26-SB1 were generally higher
than those detected at the same location in 1994. It should be noted that the relatively
high PQLs for the 1994 data from AP15-SB2 make direct comparison of 1994 and 1997

data infeasible for many of the target analytes.

Biodegradation of soil COPCs present in the vadose zone can proceed if the soil
particles to which the contaminants are adsorbed are covered with a water film to
support microbial populations. The presence of abundant soil moisture in the vadose
zone can be inferred from the shallow water table depth, the relatively warm ambient
air temperature, and presence of the asphalt/concrete cap that would inhibit evaporation
of subsurface moisture into the atmosphere. These conditions are favorable to the

growth of fuel-degrading microorganisms, and most likely result in anaerobic
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biodegradation of vadose zone contaminants over time. However, because of the
limited amount of data and the inherent variability of soil sampling, no meaningful
conclusions can be made from the data presentation in Table 6.1 regarding the degree
to which significant reduction of contaminant mass has occurred in site soils between

1994 and 1997.

The declining concentrations of dissolved contaminants measured in source area
wells provides indirect evidence of declining residual LNAPL concentrations in
saturated soils. Under equilibrium conditions, the amount of contaminant in saturated
soils that will dissolve in groundwater can be determined by a linear, site-specific
distribution partitioning coefficient (K4). Because of the low groundwater flow velocity
at the site (estimated at 5.1 ft/yr [OHM 1995a]), dissolved contamination in
groundwater in the source areas can be assumed to be in equilibrium with the
contamination sorbed to the soil. Therefore, the decrease in dissolved contaminant
concentrations measured in groundwater from source area wells should be proportional
to the decrease in contaminant concentrations in saturated soils. Loss of contaminant
mass from groundwater is discussed in Section 6.3.2, and quantitative estimates for
rates of destructive contaminant loss from saturated soils and groundwater are presented

in Section 6.3.3.

6.3.2 Observed Contaminant Loss from Groundwater

Analytical data from permanent groundwater monitoring wells that were sampled
and analyzed for several of the groundwater COPCs during multiple sampling events
were compared to assess whether dissolved contaminant concentrations appear to be
decreasing over time. Table 6.2 presents the analytical results for groundwater COPCs
that exceeded their respective Tier 1 (Table V) TCLs during the time periods from
August 1994 through October 1995, and from December 1996 through October 1997.
This comparison is considered valid because the plume size is not increasing over time
(i.e., reductions in the site average concentration are not due to physical
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TABLE 6.2
SUMMARY OF 1994-1995 AND 1996-1997 COPCS

IN GROUNDWATER
RISK-BASED APPROACH TO REMEDIATION
SITE SS-15A
HOMESTEAD AFB, FLORIDA
Location August 1994 through December 1996 Through Table V
October 1995 October 1997 Target Cleanup
Maximum Maximum Monitoring Only Level”
Concentration Concentration Event”
Chemical Name Exceeding TCL Exceeding TCL
Benzene (ug/L)” AP5-MW1 1 I — o 1
AP10-MW9 13 18 Y2Q1
AP10-MW11 2.8 NS
AP11-MW14 27 6% Y2Q1
AP11-MW16 2.8 1.4) Y2Q3
AP11-MW-17 4 3 Y2Ql1
AP12-MW21 32 9] Y2Q1
AP12-MW24 47 28 Y2Q1
AP13-MW28 14 Ns?
AP13-MW29 1.5 NS
AP14-MW31 9.2 NS
AP14-MW34 12 12 Y2Q1
AP14-MW-97 3 6J Y2Q1
AP15-MW35 14 6] Y2Q3
AP15-MW36 23 NS
AP15-MW37 15 4 Y2Q2
AP15-MW38 24 1 e
AP16-MW39 23 28 Y2Q3
AP16-FHSP-MW27 N
AP17-MW40 16 22 Y2Q1
AP17-MW99 |
AP17-MW109 NI 7 Y2Q1
AP17-FHSP-MW28 10 2 Y2Q2
AP18-MW41 2.6 ———
AP18-FHSP-MW29 b
AP19-MW44 22 ——
AP19-MW46 2.8 ———
AP20-MW47 2.7 NS
AP20-MW100 3 1 Y2Q3
AP21-MW54 9 —
AP21-MW57 15 | NS
AP21-MW59 12 NS
AP22-MW63 20 3 Y2Q1
AP22-MW101 61 ——-
AP23-MW67 — 10J Y2Q3
AP26-MW75 2 4 Y2Q3
AP26-MW76 2 2 Y2Q3
AP26-MW104 — 2 Y2Q3
AP26-MW114 NI 3J Y2Q1
AP27-MW78 2 1 Y2Q1
Ethylbenzene (ug/L) AP10-MW9 140 130 Y2Q1 30
AP11-MW14 — 38J Y2Q1
AP12-MW21 120 39 Y2Q1
AP12-MW24 43 -
MTBE (ug/L) AP14-MW34 ———- 473 Y2Q3 35
AP14-MW-97 —— 48) Y2Q2
AP23-MW67 38 80J Y2Q3
Acenaphthene (ug/L) AP12-MW21 26 — 20
AP16-MW39 22 —
AP22-MW101 69 ———
AP26-MW75 21 20 Y2Q1
AP26-MW76 — 25 Y2Q3
AP26-MW114 NI 21 Y2Q1
AP26-MW116 NI 33 Y2Q1
Benzo(a)anthracene (ug/L) AP22-MW101 7 - 0.2
AP26-MW75 — ki) Y2Q2
AP26-MW76 — 1 Y2Q3
AP26-MW113 NI 0.024] Y2Q3
AP26-MW116 NI J Y2Q1
AP27-MW78 — 7 Y2Q3
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TABLE 6.2 (Continued)
SUMMARY OF 1994-1995 AND 1996-1997 COPCS

IN GROUNDWATER
RISK-BASED APPROACH TO REMEDIATION
SITE SS-15A
HOMESTEAD AFB, FLORIDA
Location August 1994 through December 1996 Through Table V
October 1995 October 1997 Target Cleanup
Maximum Maximum Monitoring Only Level”
Concentration Concentration Event”
Chemical Name Exceeding TCL Exceeding TCL
Benzo(a)anthracene (ug/L) AP22-MW101 7 — ) 0.2
AP26-MW75 —— ki) Y2Q2
AP26-MW76 — 1 Y2Q3
AP26-MW113 NI 0.0247 Y2Q3
AP26-MW116 NI 1J Y2Q1
AP27-MW78 —— 7 Y2Q3
Benzo(a)pyrene (ng/L) AP26-MW75 NA 1J Y2Q2 0.2
AP27-MW78 NA 5 Y2Q3
Benzo(b)fluoranthene (ug/L) AP27-MW78 NA 5 Y2Q3 0.2
Benzo(k)fluoranthene (pg/L) AP27-MW78 NA 5 Y2Q3 0.5
AP26-MW75 NA 1J Y2Q2
Naphthalene (pug/L) AP5-MW1 20 e 20
AP8-MW6 120 ——
AP10-MW9 110 35 Y2Q3
AP10-MW13 34 NS
AP11-MW14 240 300 Y2Q1
AP11-MW16 2.8 e
AP11-MW-17 (7 O
AP12-MW21 230 38 Y2Q1
AP12-MW24 21 42 Y2Q3
AP13-MW28 48 NS
AP13-MW29 68 NS
AP14-MW30 240 ——-
AP14-MW34 48 ——
AP14-MW97 - 40 Y2Q1
AP15-MW35 150 54 Y2Q3
AP16-MW39 240 76 Y2Q1
AP17-MW40 350 180 Y2Q1
AP17-FHSP-MW28 56 ———
AP18-MW41 24 ——
AP19-MW44 33 -
AP20-MW47 96 NS
AP20-MWS50 38 ———-
AP21-MW54 39 ————-
AP22-MW63 75 67 Y2Q1
AP22-MW101 160 —
AP22-MW60 56 NS
AP23-MW67 660 330 Y2Q2
AP23-MW68 68 NS
AP26-MW75 180 260 Y2Q3
AP26-MW76 37 w———
AP26-MW104 31 56 Y2Q3
AP26-MW114 37 30 Y2Q1
AP27-MW78 120 78 Y2Q1,Y2Q2
AP27-MWI105 98 43 Y2Q1
TRPH (mg/L)" AP11-MW14 57 76] Y2Ql 5
AP15-MW35 9.1 -
AP20-MWS50 7 —
AP17-MW40 ——- 5 Y2Q1
AP26-MW75 e 8.4 Y2Q1
AP27-MW78 8 —

a/ Cleanup level for No Further Action With or Without Conditions.

b/ Y2Q1=year two, first quarter (December 1996-January 1997); Y2Q2=year two, second quarter (July 1997);
¢/ mg/L = micrograms per liter.

d/ --—— = Compound below asociated TCL.

e/ J = Estimated value.

f/ NS = Not sampled.

g/ NI = Well not installed.

I/ NA = Not applicable because PQL greater than TCL.

i/ mg/L = milligrams per liter.
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dispersion/diffusion of the plume). Available data suggest that the areal extent of
dissolved contamination at Site SS-15A has not changed significantly from 1994 to
1997. Therefore, reductions in groundwater COPC concentrations in the source area

over time may be a good first indicator that contaminant mass loss is occurring.

Based on analytical data obtained at the same sampling locations over time
(September-October 1995 and October 1997, from 27 wells for benzene, ethylbenzene,
and MTBE, and 17 wells for acenaphthene and naphthalene), the average
concentrations of dissolved COPCs near and within source areas has decreased
significantly, with the exception of MTBE. Average benzene, ethylbenzene,
acenaphthene, and naphthalene concentrations were reduced by 77 percent, 60 percent,
30 percent, and 44 percent, respectively. In contrast, the average concentration of
MTBE increased by 14 percent during the same period. Because the PQLs for
benzo(a)anthracene, benzo(a)pyrene, and benzo(k)fluoranthene for samples collected in
1995 were, with only one exception, greater than the concentrations measured in 1997,
average reductions for these compounds could not be calculated. Mass losses for
benzo(b)fluoranthrene could not be assessed because results for this compound were not

reported in the 1995 data.

Further evidence for COPC mass loss is indicated by the reduction in the number of
locations where dissolved COPC concentrations exceeded their respective Tier 1
screening levels. The number of locations where one or more COPCs exceeded their
respective Tier 1 screening levels was reduced from 30 in August 1994-October 1995 to
24 in December 1996-October 1997. These numbers probably underestimate the
reduction in numbers of locations with exceedances, because some wells where
exceedances of Tier 1 TCLs occurred in December 1996-October 1997 were not yet
installed during the August 1994-October 1995 sampling events. If only the wells that
were installed at the time of the initial sampling time period (August 1994-October
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1995) are considered, COPCs exceeded their respective Tier 1 screening levels at 18

locations during the December 1996-October 1997 time period.

6.3.3 Estimating Site-Specific Contaminant Biodegradation Rates

It is important to distinguish between the effects of nondestructive attenuation
processes (i.e., advection, dispersion, and sorption) and of destructive attenuation
processes (i.e., biodegradation) on the mass of dissolved groundwater COPCs in the
groundwater at Site SS-15A. Comparison of analytical data from several sampling
events suggest that most of the groundwater COPCs are being removed from saturated
soils and groundwater by mechanisms other than dispersion, advection, and sorption.
To quantify these effects, an exponential regression method can be used to derive
degradation rates from concentration reduction data versus time (Buscheck and
Alcantar, 1996). The reduction in COPC concentrations at specific sampling points can
be easily used to estimate a first-order attenuation rate, provided the plume size is
relatively stable or decreasing. It is commonly assumed that biodegradation rates for
fuel hydrocarbons in saturated media can be approximated by a first-order decay

constant (Chapelle, 1993). Using the equation:
C(t) = Cie™

Where: C(t) = concentration at time t
C; = initial concentration
k = decay rate (T-H
t = time
Table 6.3 summarizes the calculated biodegradation rates for each of the
groundwater COPCs. The calculated rates are based on reductions in contaminant

concentrations measured at specific sampling points over time. These degradation rates

express the quantity of the contaminant mass being removed from the saturated media
6-13
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that cannot be explained by nondestructive attenuation processes such as dispersion and
adsorption. The effects of both aerobic and anaerobic destructive attenuation processes
are included in these site-specific biodegradation rate estimates. The potential for
additional hydrocarbons to leach from “smeared” contaminants in soils and LNAPL
into groundwater was not factored into the rate estimates. As a result, the rates may
underestimate the effectiveness of biodegradation processes at the site. Only rates
having an associated correlation coefficient (R? value) of 0.8 or greater are included in

Table 6.3.

Because dissolved contamination concentrations vary with groundwater levels
(generally higher concentrations at times of high water levels and lower concentrations
at times of lower water levels [OHM, 1996c]) as well as with time, three different sets
of data were analyzed where sufficient data were available. For the wells that were
overdeveloped, only the data collected subsequent to overdevelopment were analyzed.
One set of degradation rates was calculated using data from all seven quarterly
groundwater monitoring events; a second set included data from four events during
times of low water levels (average site water levels between 1.45 and 1.79 feet above
NGVD); and a third set using data from three events during times of high water levels

(average site water levels between 2.13 and 2.38 feet above NGVD).

Based on these estimated degradation rates, the average half-life calculated for
benzene in saturated soils and groundwater at Site SS-15A is about 280 days. The half-
life of naphthalene ranged from approximately 100 days to approximately 866 days and
averaged about 323 days. All half-lives calculated for ethylbenzene had correlation
coefficients less than 0.8, and therefore are not reported in Table 6.3. Wiedemeier et
al. (1995a) reports rates for ethylbenzene ranging from 0.0012 day-! to 0.0038 day-,
which yield half-lives of 180 to 600 days. Due to insufficient data, site-specific

degradation rates and half-lives for MTBE, benzo(a)pyrene, benzo(a)anthracene,
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benzo(k)fluoranthene, and benzo(b)fluoranthene could not be calculated with

confidence.

6.4 EVIDENCE OF CONTAMINANT BIODEGRADATION VIA
MICROBIALLY MEDIATED REDOX REACTIONS

Available site data suggest that TRPH, BTEX, and PAHs are biodegrading in
saturated soils and groundwater at Site SS-15A. There were measurable decreases in
the concentrations of these compounds at select sampling locations and in the site
average concentrations of each specific compound over the course of several sampling
events. A simple exponential regression method (i.e., first-order decay) was used to
estimate site-specific destructive degradation rates for benzene, ethylbenzene, total
BTEX, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and naphthalene.
On the basis of this evaluation, and a large body of evidence in the literature that
demonstrates that biodegradation of fuel hydrocarbons in groundwater is ubiquitous
throughout a large variety of hydrogeologic settings, it can be inferred that the
groundwater COPCs are biodegrading at Site SS-15A.

There is another line of evidence that can be used to show that these contaminants
are biodegrading in saturated soil and groundwater at Site SS-15A. The fuel
hydrocarbon groundwater COPCs (i.e., benzene, ethylbenzene, MTBE, acenaphthene,
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,

naphthalene, and TRPH) are typically utilized as electron donors in biologically mediated
| redox reactions under a wide range of geochemical conditions. Therefore, analytical data
on potential electron acceptors can be used as geochemical indicators of COPC
biodegradation (Salanitro, 1993; McCallister and Chiang, 1994; Wiedemeier et al., 1995;
Borden et al., 1995). Reductions in the concentrations of oxidized chemical species that
- are used by microorganisms to facilitate the oxidation of fuel hydrocarbon compounds
within contaminated media are an indication that contaminants are biodegrading.

Alternately, an increase in the metabolic byproducts resulting from the reduction of
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electron acceptors can be used as an indicator of contaminant biodegradation. The
availability of potential electron acceptors to participate in contaminant biodegradation
reactions can be used to estimate the total contaminant mass that can be biodegraded
over time at this site. Coupled with the biodegradation rates described earlier, this
information can be used to predict how much and how quickly groundwater COPCs can
be removed from saturated soils and groundwater at Site SS-15A as a result of natural

Processes.

6.4.1 Relevance of Redox Couples in Biodegradation

Microorganisms obtain energy to replenish enzymatic systems and to reproduce by
oxidizing organic matter. Biodegradation of all of the groundwater COPCs is the result
of a series of redox reactions that maintain the charge balance within the natural
environment. Microorganisms facilitate the degradation of these organic compounds by
transferring electrons from the electron donor (i.e., COPCs and native organic carbon)
to available electron acceptors. Electron acceptors are elements or compounds that
occur in relatively oxidized states and can participate in redox reactions involving these
available electron donors. Electron acceptors known to be present in saturated soil and
groundwater at Site SS-15A are oxygen, nitrate/nitrite, manganese, sulfate, ferric iron,

and carbon dioxide.

Microorganisms facilitate fuel hydrocarbon biodegradation to produce energy for
their use. The amount of energy that can be released when a reaction occurs or is
required to drive the reaction to completion is quantified by the free energy of the
reaction (Stumm and Morgan, 1981; Bouwer, 1994; Chapelle, 1993; Godsey, 1994;
Mueller et al., 1994; Berg et al., 1994). Microorganisms are able to utilize electron
transport systems and chemiosmosis to combine energetically favorable and unfavorable
reactions to produce energy for life processes (i.e., cell production and maintenance).
Microorganisms will facilitate only those redox reactions that will yield energy. By
coupling the oxidation of fuel hydrocarbon compounds, which requires energy, to the
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reduction of other compounds (e.g., oxygen, nitrate/nitrite, manganese, ferric iron,
sulfate, and carbon dioxide), which yields energy, the overall reaction will yield
energy. Detailed information on the redox reactions required to biodegrade each of the
groundwater COPCs is included in Appendix B. The reader is encouraged to review

this information to more fully understand the chemical basis of biodegradation.

Figure 6.1 illustrates the sequence of microbially mediated redox processes based on
the amount of free energy released for microbial use. In general, reactions yielding
more energy tend to take precedence over processes that yield less energy (Stumm and
Morgan, 1981; Godsey, 1994; Reinhard, 1994). As Figure 6.1 shows, oxygen
reduction would be expected to occur in an aerobic environment with microorganisms
capable of aerobic respiration because oxygen reduction yields significant energy
(Bouwer, 1992; Chapelle, 1993). Howe\?er, once the available oxygen is depleted and
anaerobic conditions dominate the interior regions of the contaminant plume, anaerobic
microorganisms can utilize other electron acceptors in the following order of
preference: nitrate/nitrite, manganese, ferric iron, sulfate, and finally carbon dioxide.
Each successive redox reaction provides less energy to the system, and each step down
in redox energy yield would have to be paralleled by an ecological succession of

microorganisms capable of facilitating the pertinent redox reactions.

The expected sequence of redox processes can be estimated by the
oxidation/reduction potential (ORP) of the groundwater. The ORP measures the
relative tendency of a solution or chemical reaction to accept or transfer electrons. The
ORP of the groundwater can be measured in the field. This measurement can be used
as a crude indicator of which redox reactions may be operating at a site. High ORPs
mean that the solution (or available redox couple) has a relatively high oxidizing

potential.
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ORP (mV)
=240 to 127mV

3. The ORP of the system determines which electron
acceptors are available for organic carbon oxidation.

4. Redox reaction sequence is paralleled by an
ecological succession of biological mediators.

Adapted from Stumm and Morgan, 1981.
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Microorganisms can only facilitate the biodegradation (oxidation) of the fuel
hydrocarbon compounds using redox couples that have a higher ORP than the
contaminants. Appendix B includes tables that show that redox couples including
nitrate, oxygen, ferric iron, sulfate, and carbon dioxide all have higher oxidizing
potentials than the redox couples including the fuel hydrocarbon COPCs. This is why
these electron acceptors can be used to oxidize the fuel hydrocarbon compounds. The
reduction of highly oxidized species results in an overall decrease in the ORP of the
groundwater. As shown in Figure 6.1, the reduction of oxygen and nitrate will reduce
the oxidizing potential to levels at which ferric iron (Fe**) reduction can occur. As
each chemical species that can be used to oxidize the contaminants is exhausted, the
microorganisms are forced to use other available electron acceptors with lower
oxidizing capacity. When sufficiently low (negative) ORP levels have been developed
as a result of these redox reactions, sulfate reduction, and methanogenesis can occur

almost simultaneously (Stumm and Morgan, 1981). /

ORP values measured in shallow groundwater at Site SS-15A in October 1997
ranged from +127 to -240 millivolts (mV) (Figures 6.1 and 6.2 and Table 6.4). Areas
with the lowest ORP measurements generally coincided with the presence of fuel-
contaminated groundwater, indicating that the progressive use of electron acceptors in
the order shown on Figure 6.1 has caused the groundwater in the contaminated areas to
become more reducing. These data imply that oxygen, nitrate, manganese, and ferric
iron may be used to biodegrade fuel hydrocarbon contaminants at this site. However,
many authors have noted that field ORP data alone cannot be used to reliably predict all
of the electron acceptors that may be operating at a site, because the platinum electrode
probes are not sensitive to some redox couples (e.g., sulfate/sulfide) (Stumm and
Morgan, 1981; Godsey, 1994; Lovley et al., 1994). Analytical data on oxidized and

reduced species are presented in the following subsections to verify which electron
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acceptors are actually being used to biodegrade the groundwater COPCs in saturated

soil and groundwater at Site SS-15A.

6.4.2 Dissolved Oxygen Concentrations

Almost all types of fuel hydrocarbons can be biodegraded under aerobic conditions
(Borden, 1994). Mineralization of fuel hydrocarbons to carbon dioxide and water
under aerobic conditions involves the use of oxygen as a cosubstrate during the initial
stages of metabolism, and as a terminal electron acceptor during the later stages of
metabolism for energy production (Higgins and Gilbert, 1978; Gibson and
Subramanian, 1984; Young, 1984). The reduction of molecular oxygen during the
oxidation of the fuel hydrocarbon compounds yields a significant amount of free energy

that the microorganisms could utilize.

DO concentrations were measured at groundwater sampling locations in October
1997. Table 6.4 and Figure 6.3 present the analytical results for DO by sampling
location. As shown on the figure, DO concentrations were uniformly low at all
sampling locations, with the highest concentration (2.1 mg/L) measured at AP10-10.
The low magnitude of DO concentrations in upgradient monitoring wells (located
northWest of the apron lines) indicates that background DO concentrations in shallow
groundwater are low (0.2 to 0.6 mg/L), and that oxygen is not currently a significant
electron acceptor during microbially mediated degradation of fuel hydrocarbons at Site

SS-15A.

6.4.3 Dissolved Nitrate Concentrations

Because anaerobic conditions generally prevail in the site groundwater, nitrate can
be used as an electron acceptor by indigenous facultative anaerobes mineralize fuel
hydrocarbon compounds via either denitrification or nitrate reduction processes.
Concentrations of nitrate (as nitrogen [N]) measured at the site in October 1997 are

summarized in Table 6.4 and depicted on Figure 6.4. Background nitrate (as N)
6-23

022/731298/14.DOC



¥C-9

opeJO|0D ‘JeaueQg 22-dv “ L-dV _
"INI'SINIIDS ONIHIIANIONG I 70 “
SNOSHVd PYAI. _
eplJoj4 ‘94V pBe}SeWoH _ “
VSi-SS olIs _ !
uojjejpewey 0} yoeoiddy peseg-)3siy I !
! _
1661 4390120 " !
HILVMANNOYUD NI NIDAXO 1 |
G3AT0SSIA 40 SNOILVHLNIONOD “ i
|
€9 3uNOId 704l _
0UOUIQ LON  ON noissﬂu |
, e — (1/6W) NOWYHLNIONOD N3DAXO GIAT0SSIa  Z°0 S X08 IATVA _
or 0 0z ov T _
ONIIOLINOW ¥3LvMaNnos O N.o._
,\ HLJ3A-3LVICINNILNI 099 ov—-MW D
" TI ONROLNON @ 1 X08 3AVA
HALYMANNOYO MOTIVHS &
i i X08 IAWA
3NM3dId 13nd | IN.O.
X08 IAWA _n_lu_ 66-MN
ONN3N43G/3Y 3NN NOUdY 70@
[(NERE]] LLL—MA
T
9z-dv | H-dv " oL-dv _
“ ! 50 !
)
_ I LL=MR Z X08 IAWA
! |
| | |
_ ! _
L1 ! _ “
- |
o O _ _
I3 w,m_o | z'0 _ !
) z0 - i S0
20 - 9LL-MN ! |
. K U-MN @ . | ) 9L-~MHN 'z
1o SU—MA 1’0 !
si-mn® L ci-tn @ ! %08 O @ o, _. OL=MA
IAWA L0 “ I
SL-MA ! I
90 I
ilgz#_ "
z0 L 08 IATVA
s01-MA @ “
|
90@ !
S6-MA Twmﬁ__
| x08 IAWA
z0 +0
zu1-wn ® o:lzz.

32102\ 3304\

Cv 0L 10 86/8L/C0 '98ZONAT




§T9

opeJOI0D 'J8AUL] 22-dv _ -dv _
"INI'SINIIDS ONIHIIANIONG | 0’z _
SNOSHVd 1o, !
Bp|JOl4 ‘B4V PBO}SOWOH “ |
VSi-SS eNs i “
uonelpewsy 0} yoeosddy peseg-dsiy i !
_ |
2661 4380100 “ !
H3LVMANNOHD NI | "
J1VHLIN 40 SNOILVHLNIONOD | |
|
¥'9 34NOI4 rg6°0 al "
3103 ION  ON nwnszﬁ_m_ I
; T (1/6u) NOLLVELNIONOD LVALIN 410 S X08 WA “
ov 0 0z ov . 1
ONIOLINOW ¥ILVMANNO¥D O 10 g!
J\ HLd30—3LVIQ3W3LNI 099 Ov—MA D
& TII ONROLINOW @ L X08 IAWA
¥3LVMANNOHD MOTIVHS D
| L X08 WA
3ANA3dId 13nd | rMzZo@
X08 IATVA D 66—MA
ONIM3NA30/34 3NN NO¥dY °
0C
[\ERER] LLL—MN
9z-dv | b-dv ! oL-dv |
| | |
i | roz g
“ " LM _m__“_ Z X08 3ATVA
| 1 "
_ ! |
L i |
—MA |
o @ | !
rs'e ! |
o o, N EMIO ol-AN r8L0 | !
rSl0g  SL=MN [ ] I aN =M _ Y
SLLMA ® Bmo.o._”_u__ ‘o o v @ o, | @ OL—HA
SL=MN ) 5xqva rg6°L “ !
SL~MA |
Mo I
,..T;:ﬂ_ _
anN
wor-Ne I X08 IATVA _
1
. |
AL rLL00 _
&l
| X08 3ATVA
rgL’o g
Z1-#H® o5n®

Z1e£\3303V\ N

Z0:LL I° 86/81/£0 'LBZONAY




concentrations measured in upgradient to cross-gradient wells AP10-MW110, AP11-
MW95, AP17-MW99, AP22-MW111, and AP26-MW112 ranged from 0.18] mg/L to
2.0 mg/L and averaged 0.76 mg/L. Conversely, nitrate (as N) concentrations measured
in source area wells exhibiting dissolved fuel contamination ) (AP10-MW9, AP11-
MW14, AP17-MW40, AP22-MW63, and AP26-MW75) ranged frorh 0.058J mg/L to
0.98 mg/L and averaged 0.27 mg/L. These data indicate that dissolved nitrate
concentrations within the contaminant plumes are slightly depleted relative to measured
background concentrations at the five apron lines sampled. The results indicate that
nitrate is being used to oxidize fuel hydrocarbons in the anaerobic core of the dissolved
plumes via denitrification or nitrate reduction. The use of nitrate as an electron
acceptor in microbially facilitated redox reactions is consistent with the range of ORP
values measured at the sampled apron lines (Figure 6.1). However, the low
background nitrate (as N) concentrations appear to limit the importance of this

degradation reaction at Site SS-15A.

6.4.4 Ammonia

The presence of ammonia in groundwater can result from either nitrate reduction
(facilitated by microbes) or fixing of atmospheric nitrogen (also a microbial process).
Nitrate is not widespread in groundwater within the aquifer; however, the fixation of
atmospheric nitrogen may occur under the anaerobic, methanogenic conditions
observed at the site. The presence of ammonia in groundwater is a strong indication of

microbial activity.

Ammonia concentrations measured in groundwater samples collected in October
1997 are summarized in Table 6.4. Ammonia was detected in all but one (AP10-
MW10) of the samples analyzed. Ammonia concentrations detected in shallow
groundwater varied across the site, with generally elevated ammonia concentrations

occurring in (but not limited to) source areas. Therefore, production of ammonia
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appears to be occurring at higher rates in the source areas due to increased microbial

activity stimulated by the relative abundance of organic carbon (fuel hydrocarbons).

As described in Section 6.4.3, nitrate concentrations detected in October 1997 did
not exceed 2 mg/L, while ammonia concentrations ranged up to 24 mg/L. The
disparity between these values indicates that the nitrate deficit at the site in shallow
portions of the surficial aquifer is being overcome by microbial communities that fix

atmospheric nitrogen.

Ammonia was detected at a low concentration (0.4 mg/L) in the intermediate depth
well AP26-DW2. The low magnitude of this detection indicates that little microbial
activity is occurring in the deeper groundwater, which is consistent with the results of
other electron acceptor and metabolic byproduct measurements at this well. These
results also indicate that little organic substrate (including fuel hydrocarbons) is present
in the deeper groundwater at this location, consistent with previous groundwater

sampling results for this location (OHM, 1996a).

6.4.5 Manganese Concentrations

Manganese also can be used as an electron acceptor to facilitate the oxidation of the
fuel hydrocarbon groundwater COPCs under anaerobic and slightly reducing
conditions. As shown on Figure 6.1, manganese reduction can be microbially
facilitated in groundwater conditions similar to those required to support denitrification.
The reduction of manganese during the oxidation of fuel hydrocarbon compounds yields
essentially as much free energy to the system as aerobic respiration. Under anaerobic
and slightly reducing groundwater conditions, manganese reduction is the second-most
energetically favorable redox reaction that can be used to oxidize (degrade) fuel

hydrocarbon compounds.

Reduced forms of manganese were measured at groundwater sampling locations in

October 1997. Reduced forms of manganese would be produced locally if oxidized
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forms of manganese were being used as electron acceptors to oxidize other compounds,
such as fuel hydrocarbons. As shown on Table 6.4, reduced manganese was detected at
only low concentrations (maximum 0.2 mg/L). Although the ORP data collected at the
site imply that manganese could be involved in fuel hydrocarbon degradation reactions,
the lack of significant background concentrations of manganese minﬁnizes the potential

importance of this degradation reaction at Site ST-15A.

6.4.6 Ferrous Iron Concentrations

Although relatively little is known about the anaerobic metabolic pathways involving
the reduction of ferric iron (Fe**), this process has been shown to be a major metabolic
pathway for some microorganisms (Lovley and Phillips, 1988; Chapelle, 1993).
Elevated concentrations of ferrous iron (Fe’*) often are found in anaerobic, fuel-
contaminated groundwater systems. Concentrations of dissolved ferrous iron once were
attributed to the spontaneous and reversible reduction of ferric oxyhydroxides, which
are thermodynamically unstable in the presence of organic compounds such as benzene.
However, more recent studies suggest that the reduction of ferric iron cannot proceed at
all without microbial mediation (Lovley and Phillips, 1988; Lovley et al., 1991;
Chapelle, 1993). None of the common organic compounds found in low-temperature,
neutral, reducing groundwater could reduce ferric oxyhydroxides to ferrous iron under
sterile labdratory conditions (Lovley et al., 1991). This means that the reduction of
ferric iron to ferrous iron requires mediation by microorganisms with the appropriate

enzymatic capabilities.

To determine if ferric iron is being used as an electron acceptor for fuel
biodegradation at Site SS-15A, ferrous (reduced) iron concentrations were measured at
groundwater sampling locations. Figure 6.5 presents the analytical results for ferrous
iron in groundwater at this site. Slightly elevated ferrous iron concentrations (relative
to background concentrations measured northwest of the apron lines) were detected in
wells AP11-MW16, AP26-MW75, and AP22-MW63. These wells are located adjacent
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to or near valve boxes and contained dissolved fuel contamination. The detected
ferrous iron concentrations ranged from 0.35 mg/L to 3.05 mg/L and averaged 1.55
mg/L. Background ferrous iron concentrations, inferred using analytical results from
wells AP11-MW95, AP26-MW112, and AP22-MW111, ranged from 0.18 to 2.40
mg/L and averaged 0.92 mg/L. Background ferrous iron concentrations measured at
apron lines AP-10 and AP-17 were similar to those measured near valve boxes. The
occurrence of elevated ferrous iron concentrations measured within contaminated areas
indicates that ferric iron is acting as an electron acceptor at these locations. In addition,
the measured ORP of the groundwater at this site are within the range that would be
expected for the ferric iron-reducing conditions implied by the observed ferrous iron

distributions (Figure 6.1).

6.4.7 Sulfate Concentrations

Sulfate also may be used as an electron acceptor during microbial degradation of the
fuel hydrocarbon COPCs under anaerobic conditions (Grbic-Galic, 1990). Sulfate can
be reduced to sulfide during the oxidation of the fuel hydrocarbon compounds. The
presence of decreased concentrations of sulfate (and possibly increased concentrations
of sulfide) in the source area relative to background concentrations indicates that sulfate
may be participating in redox reactions at the site. To investigate the potential for
sulfate reduction at Site SS-15A, sulfate and sulfide concentrations were measured

during the October 1997 groundwater sampling event.

Table 6.4 and Figure 6.6 show the analytical results for sulfate and sulfide in
groundwater at Site SS-15A. In general, areas characterized by elevated concentrations
of dissolved COPCs are depleted in sulfate concentrations relative to measured
background concentrations. Significant depletion of sulfate in source area well AP22-
MW63 was not observed, however. Background concentrations of sulfate at the site
ranged from 19.25 mg/L at well AP26-MW112 to 37.1 mg/L at AP22-MW111. With
the exception of well AP22-MW3, sulfate concentrations measured at wells having
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detectable levels of dissolved fuel hydrocarbons ranged from 5.36 mg/L at well AP11-
MW16 to 2.05 mg/L at well AP26-MW116. This general depletion of sulfate within
the contaminated areas indicates that this compound is acting as an electron acceptor

during fuel biodegradation reactions.

Figure 6.6 also shows that elevated concentrations of sulfide, which can be produced
when sulfate is reduced during fuel hydrocarbon oxidation, generally coincide with
depleted sulfate concentrations and elevated fuel hydrocarbon concentrations. The
apparent production of sulfide within the contaminated area supports the observation

that microbial populations are using sulfate to oxidize fuel hydrocarbons at the site.

The measured ORPs of the groundwater at this site are not within the range that
would be expected for the sulfate-reducing conditions implied by the observed sulfate
and sulfide distributions. However, as described in Section 6.4.1, field ORP data alone

cannot be used to reliably predict the electron acceptors that may be operating at a site.

6.4.8 Dissolved Methane Concentrations

On the basis of free energy yield and the oxidizing potential of the site groundwater,
the carbon dioxide/methane (CO2/CHs) redox couple also could be used to oxidize fuel
hydrocarbon compounds to carbon dioxide and water once the groundwater is
sufficiently reducing. To attain these reducing levels, other highly oxidizing chemical
species such as oxygen, nitrate, ferric iron, and sulfate must first be reduced. This
redox reaction is called methanogenesis or methane fermentation. Methanogenesis
yields the least free energy to the system in comparison to other chemical species
(Figure 6.1 and Appendix B). The presence of methane in groundwater at elevated
concentrations relative to background concentrations is a good indicator of methane

fermentation.

Dissolved methane was measured at groundwater monitoring wells sampled during

the October 1997. Table 6.4 and Figure 6.7 present the analytical data for methane.
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Methane concentrations detected at or adjacent to contaminant source areas at several
apron lines were substantially elevated relative to background concentrations. At apron
lines AP-10, AP-11, AP-17, and AP-22, maximum methane concentrations ranged
from 61 pg/L to 2,500 pg/L and averaged 1,590 pg/L. In contrast, background
concentrations at these same apron lines ranged from not detected (<0.05 pg/L) to 240
ng/L and averaged 64 pg/L. The presence of elevated methane levels in groundwater

at Site SS-15A strongly indicates that biodegradation is occurring via methanogenesis.

Although well AP26-MW112 appears to be located hydraulically upgradient from
the suspected source area (valve box 1), the groundwater sample from this well
contained methane at 1,600 pg/L. However, the detection of low concentrations of
several PAHs at this location in October 1997 indicates that some contamination has
migrated from Valve Box 1 to this well, and may explain the presence of methane.
The low concentration of methane (0.28] pg/L) detected at the intermediate-depth well
DW-2 indicates that methanogenesis is not a significant process deeper in the surficial

aquifer.

6.4.9 pH

The pH of groundwater samples collectéd from groundwater monitoring points and
monitoring wells in October 1997 was measured (Table 6.4). The pH of a solution is
the negative logarithm of the hydrogen ion concentration [H*]. Groundwater pH values
measured at the site were relatively neutral, ranging from 6.68 to 7.18 standard units.
This range of pH is within the optimal range for fuel hydrocarbon-degrading microbes
of 6 to 8. The limited and relatively neutral range of pHs also indicates that microbial
reactions have a minimal effect on groundwater pH, likely due to the moderately high

alkalinity of site groundwater.
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6.4.10 Temperature

Groundwater temperature was measured at groundwater monitoring points and
monitoring wells in October 1997 (Table 6.4). Temperature affects the types and
growth rates of bacteria that can be supported in the groundwater environment, with
higher temperatures generally resulting in higher grbwth rates. The temperature of
groundwater samples collected from the shallow monitoring wells varied from
27.6 degrees Celsius (°C) to 30.4°C. These relatively warm temperatures should

promote microbial growth and may enhance rates of hydrocarbon biodegradation.

6.5 THEORETICAL ASSIMILATIVE CAPACITY ESTIMATES

The preceding discussions have been devoted to determining if fuel hydrocarbon
COPCs are biodegrading in saturated soils and groundwater at Site SS-15A. Analytical
data on reduced and oxidized chemical species indicate that indigenous microorganisms
are facilitating the oxidation of fuel hydrocarbons and the reduction of electron
acceptors to generate free energy for cell maintenance and production. The question of
how much contaminant mass can be biodegraded must be addressed to assess the full
potential for long-term intrinsic bioremediation to minimize plume size and mass over
time, and to eventually reduce COPC concentrations to at least Tier 2 SSTLs (Section
7.

Mass balance relationships can be used to determine how much contaminant mass
can be degraded by each of the redox reactions that the microorganisms might use to
make free energy available for cell maintenance and production. The stoichiometric
relationship between the contaminant and the electron acceptor can be used to estimate
the expressed assimilative capacity of the groundwater. Once the redox reactions
operating at the site have been defined, it is possible to estimate how much contaminant
mass can be assimilated or oxidized by available electron acceptors. This analysis,

when coupled with the biodegradation rate information discussed earlier (Section
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6.3.4), provides the basis for determining the potential for continued COPC mass

reduction in saturated soils and groundwater at the site.

Appendix B presents the coupled redox reactions that represent the biodegradation of
each of the groundwater COPCs, including the stoichiometric mass ratio of electron
acceptors needed to oxidize each of the groundwater COPCs. These stoichiometric
mass ratios can be used to estimate the assimilative capacity of the groundwater at Site
SS-15A. This is accomplished by first determining the initial (background) mass of
each electron acceptor available in the groundwater. Data on these chemical species
were collected at sampling locations upgradient from and outside of the dissolved
plume. As groundwater slowly migrates into the source area, electron acceptors are
brought into contact with hydrocarbon-degrading microorganisms and site
contamination. The change in the electron acceptor mass from upgradient sampling
locations to sampling locations within the source area is divided by the mass of electron
acceptors required to mineralize each of the fuel hydrocarbon COPCs to estimate the

expressed intrinsic capacity of the groundwater to biodegrade these compounds.

Average estimates of the background concentrations, measured at five areas, of all of
the electron acceptors that are being used at the site to biodegrade fuel hydrocarbon
compounds are listed in Table 6.5. These concentrations are used to calculate the
available or expressed assimilative capacity of each electron acceptor for benzene,
ethylbenzene, =~ MTBE,  acenaphthene,  benzo(a)anthracene,  benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, and naphthalene based on the mass
stoichiometric relationships presented in detail in Appendix B. Table 6.5 also presents
the source area concentrations of reduced manganese, ferrous iron, and methane.
These concentrations are used to “back-calculate” the expressed assimilative capacity
that is attributable to manganese reduction, ferric iron reduction, and methanogenesis.
On the basis of these calculations, the saturated soils and groundwater at Site SS-15A
has the intrinsic capacity to eventually oxidize an average COPC concentration of
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approximately 5,320 pg/L. As shown on Table 6.5, this capacity is substantially
higher than the maximum COPC concentrations detected in groundwater at Site SS-

15A.

This estimate essentially represents an upper-bound estimate of the intrinsic mass
reduction capability of the groundwater at Site SS-15A. The estimate identifies how
much contaminant mass can be theoretically oxidized as one pore volume travels
through the plume core. So, although the capacity is expressed in pg/L, the capacity is
actually an estimate of the micrograms of contaminant mass that can be degraded in the

volume of groundwater traveling through the core plume.

A closed system containing 2 liters of water can be used to help visualize the
physical meaning of assimilative capacity. Assume that the first liter contains no fuel
hydrocarboﬁs, but it contains fuel-degrading microorganisms and has an assimilative
capacity of exactly “x” mg of fuel hydrocarbons. The second liter has no assimilative
capacity; however, it contains fuel hydrocarbons. As long as these 2 liters of water are
kept separate, the biodegradation of fuel hydrocarbons will not occur. If these 2 liters
are combined in a closed system, biodegradation will commence and continue until the
fuel hydrocarbons are depleted, the electron acceptors are depleted, or the environment
becomes acutely toxic to the fuel-degrading microorganisms. Assuming a nonlethal
environment, if less than “x” mg of fuel hydrocarbons are in the second liter, all of the
fuel hydrocarbons will eventually degrade given a sufficient time; likewise, if greater
than “x” mg of fuel hydrocarbons were in the second liter of water, only “x” mg of

fuel hydrocarbons would ultimately degrade.

This example shows, that in a closed system, the measured expressed assimilative
capacity eventually should be equivalent to the loss in contaminant mass; however, the
groundwater beneath a site is an open system. Electron acceptors can continually enter

the system from upgradient flow. Furthermore, contaminant mass can be added to the
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system through dissolution or leaching from LNAPL or contaminated soils. This
means that the assimilative capacity is not fixed as it would be in a closed system, and
therefore should not be quantitatively compared to concentrations of dissolved
contaminants in the groundwater. Rather, the expressed assimilative capacity of
groundwater is intended to serve as a qualitative tool. The fate of COPCs in
groundwater is dependent on the relationship between the kinetics of biodegradation

and the solute transport velocities (Chapelle, 1994).

6.6 PREDICTING CONTAMINANT TRANSPORT AND FATE

Understanding the effects of natural physical, chemical, and biological processes on
chemicals is an important step in determining potential long-term risks associated with
chemical migration in the environment. The behavior of COPCs under the influence of

these processes must be quantified to:

« Predict the rate at which soil COPCs could leach from residual LNAPL and

dissolve into groundwater;

« Assess the expected persistence and concentration of dissolved COPCs over time

at the site; and
. Estimate potential receptor exposure-point concentrations.

If destructive and nondestructive attenuation processes can minimize or eliminate the
concentrations of COPCs to which a receptor could be exposed, engineered remedial
action may not be warranted because no reasonable completed exposure pathway exists
or completion of exposure pathways involving groundwater would not result in
significant risks. The focus of this final subsection is to predict how COPCs will be
transported and transformed over time in soil and groundwater based on site data and
mathematical solute transport calculations assuming no engineered remedial action is

undertaken at Site SS-15A.
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6.6.1 Leaching from Contaminated Soils

Residual LNAPL in saturated or seasonally saturated soils at Site SS-15A represents
a continuing source of dissolved groundwater contamination. Assessment of the long-
term impacts of contaminant leaching from soil into groundwater is desirable to
determine the type and magnitude of remedial action that is appropriate at the site.
Defining how groundwater COPCs partition from saturated soil and dissolve into
groundwater based on site conditions can provide valuable information on predicting
the future persistence of COPC concentrations in groundwater that exceed the Tier 1
TCLs. The major physical release mechanism for soils at this site is leaching from
contaminated soils in direct contact with groundwater, rather than downward
percolation of precipitation through unsaturated soils because of the continuous site

pavement.

To assess the potential for contaminants to desorb from contaminated soils and
dissolve into underlying groundwater over time at Site SS-15A, a simple batch-flushing
model was used. Two scenarios were considered based on site conditions. The first
scenario assumes that the groundwater is in continual contact with contaminated soil.
The second scenario assumes that the groundwater is in contact with contaminated soils
for only 3 months each year, during periods of high groundwater levels. As discussed
previously, the groundwater table fluctuates seasonally. Residual fuel contamination
sorbed onto the soil matrix can be released to groundwater once the soils are saturated.
However, once the groundwater recedes from these soils, any residual contamination
that did not partition from the soil matrix and dissolve into pore water will be
effectively occluded. In addition to providing a release mechanism for sorbed
contaminants, the rising groundwater table also may contribute contaminant mass to the
now-saturated soil. As a result, contamination is "smeared" across the soil during the
seasonal fluctuations. The impact of residual LNAPL in terms of contributing

contaminant mass to underlying groundwater (and soils) is discussed in Section 6.6.3.
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A site-specific equilibrium partitioning relationship was used to model how the soil
COPCs are expected to leach from soils seasonally saturated by a rising groundwater
table and dissolve into groundwater. A chemical-specific distribution partitioning
coefficient (Kq) that is based on site-specific soil data was used to describe how much
COPC mass remains associated with the soil matrix and how much COPC mass will
dissolve into adjacent pore water. This Kg was incorporated into the batch-flushing
model in which the total volume of contaminated soil is flushed with groundwater.
Contaminants sorbed to the soil matrix are predictively modeled to leach from the soil
into the uncontaminated groundwater. Contaminants released into the groundwater also
can migrate away or be removed from the release area via the advective bulk movement
of groundwater and in situ degradation. As contaminant mass is removed from the
groundwater in contact with soils, additional éontaminant mass can desorb from the
soils and dissolve into adjacent pore water. Additional details are contained in

Appendix B.

The site-specific leaching calculations for both the seasonal flush and continuous
flush are presented in Table 6.6. Benzene and benzo(a)pyrene were selected for
modeling because they are the primary “risk-drivers” at the site. In addition, the
mobility of these compounds in the subsurface environment differs greatly. Benzene
does not adsorb strongly to soils; therefore, it readily leaches to groundwater and is
relatively mobile when dissolved in groundwater. Conversely, benzo(a)pyrene adsorbs
strongly to soils and does not easily leach to groundwater. This lack of mobility is
evidenced by the frequent detection of benzo(a)pyrene in soil samples near the water
table in 1994 (OHM, 1995a) and the corresponding lack of benzo(a)pyrene detections in

groundwater at the same locations.

The model results suggest that the shallow soils at Site SS-15A will be a significant
but diminishing source of soil benzene mass to underlying groundwater for 6 to 28
years. The shorter time frame (6 years) assumes continuous flushing of soils, while the
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TABLE 6.6
BATCH FLUSHING MODEL RESULTS FOR BENZENE
RISK-BASED APPROACH TO REMEDIATION
SITE SS-15A
HOMESTEAD AFB, FLORIDA
Pore Benzene Soil Benzene Water
Volume Years Concentration (ug/kg) | Concentration (ug/L)
0.00 0 1.60 28.0
0.06 1 1.42 24.9
0.13 2 1.26 22.1
0.19 3 1.12 19.6
0.26 4 0.99 17.4
0.32 5 0.88 15.4
0.38 6 0.78 13.7
0.45 7 0.69 12.1
0.51 8 0.61 10.8
. 0.58 9 0.55 9.6
: 0.64 10 0.48 8.5
0.70 11 0.43 7.5
0.77 12 0.38 6.7
0.83 13 0.34 59
0.90 14 0.30 53
0.96 15 0.27 4.7
1.02 16 0.24 42
1.09 17 0.21 3.7
1.15 18 0.19 33
1.22 19 0.17 2.9
1.28 20 0.15 2.6
1.34 21 0.13 2.3
1.41 22 0.12 2.0
1.47 23 0.10 1.8
1.54 24 0.09 1.6
1.60 25 0.08 14
1.66 26 0.07 1.3
1.73 27 0.06 1.1
L9 b W)
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longer time frame assumes seasonal flushing (3 months per year of saturation). It
should be emphasized that the batch-flushing model simulates the decrease in soil
benzene mass caused by physical flushing alone. In reality, the mass of benzene
adsorbed to soil particles also will diminish due to the effects of biodegradation;
therefore, the 6- t(; 28-year time frame predicted by the model is conservative and
represents worst-case remedial time frames. A benzene source half-life that combines
the effects of both physical flushing and biodegradation was used during the
BIOSCREEN modeling effort described in Section 6.6.3.

The batch-flushing model results for benzo(a)pyrene indicate that residual soil
concentrations of this analyte (resulting from physical flushing only) may be a
significant source of contaminant mass to groundwater for substantially more than
1,000 years due to the relative insolubility of this compound.  Therefore,
biodegradation and not physical flushing will be the primary mechanism for reducing

benzo(a)pyrene concentrations in soils over time.

6.6.2 Dissolution From Mobile LNAPL

Mobile LNAPL is not considered to be a significant source of dissolved groundwater
contamination at Site SS-15A relative to residual LNAPL adsorbed to soil particles. A
measurable thickness of mobile LNAPL was encountered only once in single well (a
thickness of 0.01 foot was measured in well AP20-MW50 during October 1995).
Since October 1995, only LNAPL sheens and/or globules have been detected at various
times in four groundwater wells at Site SS-15A (OHM, 1997).

6.6.3 Fate and Transport Within Groundwater - BIOSCREEN Modeling

BIOSCREEN is a screening model that simulates RNA of dissolved hydrocarbons at
petroleum fuel release sites (Newell et al., 1997). The software is based on the
Domenico (1987) analytical solute transport model and is designed to simulate
advection, dispersion, adsorption, and aerobic decay as well as anaerobic reactions that
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have been shown to be the dominant biodegradation processes at many petroleum

release sites.
BIOSCREEN includes three different model types:
1. Solute transport without decay;

2. Solute transport with biodegradation modeled as a first-order decay process

(simple, lumped parameter approach); and

3. Solute transport with biodegradation modeled as an “instantaneous”

biodegradation reaction.

The first model is appropriate for predicting the movement of conservative (non-
degrading) solutes such as chloride. The only attenuation mechanisms simulated are
dispersion in the longitudinal, transverse, and vertical directions and adsorption of the

contaminant to the soil matrix.

With the second model, the solute degradation rate is proportional to the solute
concentration. This is a conventional method for simulating biodegradation in
dissolved hydrocarbon plumes.  With this method, dispersion, sorption, and
biodegradation parameters are lumped together in a single calibration parameter. The
first-order decay model does not account for site-specific information such as the
availability of electron acceptors. In addition, it does not assume any biodegradation of
dissolved constituents in the source zone. In other words, this model assumes

biodegradation starts immediately downgradient from the source.

Biodegradation of organic contaminants in groundwater is more difficult to quantify
using a first-order decay equation because electron acceptor limitations are not
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considered. A more accurate prediction of biodegradation effects may be realized by
incorporating the instantaneous reaction equation into a transport model. This is
because the instantaneous reaction model wuses site-specific data, including
representative concentrations of electron acceptors such as DO, nitrate, and sulfate, and
biodegradation by-products such as ferrous iron and methane.

6.6.3.1 Modeling Objectives

The BIOSCREEN modeling was performed for Site SS-15A to accomplish the

following two objectives:

« To estimate the maximum migration distance of dissolved benzene at the site over

time; and

« To estimate how long the maximum benzene and benzo(a)pyrene concentrations

in the plumes will exceed Tier 1 groundwater screening levels.

The lateral migration potential of benzene was modeled because, of the groundwater
COPC:s identified in Section 4, benzene is both mobile in the groundwater environment
and considered a toxic carcinogen (has the lowest Table V TCL of any of the volatile
COPCs). Therefore, benzene will likely be a primary “risk-driver” at this site. The
lateral migration potential of benzo(a)pyrene was also modeled. Benzo(a)pyrene also

will likely be a “risk-driver” due to its relative recalcitrance.

6.6.3.2 Model Input Data

Input data for the BIOSCREEN model include groundwater velocity, aquifer
dispersivity, a contaminant retardation factor, a contaminant decay coefficient,
dissolved contaminant concentrations in the source area, a half-life of the contaminant
source, and the dimensions of the source zone. Each of these input values is described

in more detail below.
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Groundwater Velocity. The advective groundwater velocity beneath the site is
based on site-specific hydraulic conductivity and hydraulic gradient data, and an
estimated effective porosity of 20 percent based on published values for sand (Driscoll,
1986). The hydraulic conductivity value used in the model (0.011 cm/sec) is the
average value calculated from sl'ug-test data collected from 10 monitoring wells at Site
SS-15A in December 1994 (OHM, 1995a). The average site-wide hydraulic gradient
value used in the model (9 x 10-5 ft/ft) is derived from the groundwater elevation data
collected in December 1994. The resulting value of advective groundwater velocity
calculated by BIOSCREEN is 5.1 ft/yr.

Dispersivity. Dispersion refers to the process whereby a plume will spread out in a
longitudinal direction (along the direction of groundwater flow), transversely
(perpendicular to groundwater flow), and vertically downward due to mechanical
mixing and chemical diffusion in the aquifer. The longitudinal and transverse
dispersivities of 4.1 feet and 0.4 feet, respectively, used in the model were calculated
by BIOSCREEN from an estimated plume length of 50 feet. The vertical dispersivity

was set to 0.

Retardation. Retardation of contaminants relative to the advective velocity of the
groundwater occurs when contaminant molecules are sorbed to organic carbon, silt, or
clay particles in the aquifer matrix. Increasing the retardation coefficient decreases the
contaminant migration velocity relative to the advective groundwater velocity, and
allows more time for biodegradation to occur along a given travel path. The average
TOC concentration in two soil samples collected upgradient from apron line AP26 is
0.072 percent. Using the site fraction organic carbon of 0.00072, an estimated soil
bulk density of 1.7 kilograms per liter (kg/L), and a partition coefficient for benzene of
79 liters per kilogram (L/kg) (Wiedemeier et al., 1996), an average retardation
coefficient of approximately 1.5 was calculated for benzene at the site (Table 6.7). An
average retardation coefficient of approximately 16,000 for benzo(a)pyrene was
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calculated based on site-specific TOC data, the estimated bulk density and effective
porosity values described above, and a compound-specific partitioning coefficient

derived from the literature (Montgomery, 1996).

First-Order Decay Coefficient (Solute Half-Life). BIOSCREEN uses the first-
order decay coefficient to simulate biodegradation of dissolved contaminants after they
have migrated downgradient from the source area. The first-order decay coefficient
equals the half-life of the contaminant divided by 0.693. The half-life of benzene
published in literature typically ranges from 0.02 to 2 years (Newell er al., 1996;
Wiedemeier et al., 1995). As described in Section 6.3.3, the method of Buschek and
Alcantar (1995) for a shrinking plume (declining contaminant concentrations) was used
to calculate first-order decay rates for benzene from site-specific data. Using
groundwater monitoring data from 1995 through October 1997, calculated decay rates
ranged from 0.0011 day-l (half-life of 1.7 years) to 0.0048 day-l (half-life of 0.4
year), with an average value of 0.002 day-1 (half-life of 0.8 year). The BIOSCREEN

model was run once using the site-specific average benzene decay rate.

As described in Section 6.3.3, insufficient site-specific data were available to
calculate a site-specific first-order decay coefficient for dissolved benzo(a)pyrene.
Aronson and Howard (1997) report that, in general, PAHs are thought to be resistant
to anaerobic biodegradation in groundwater. These authors cite the results of a field
study (Godsey et al., 1992) in Pensacola, Florida where an anaerobic decay rate of
0.004 day-l was determined for acenaphthene in methanogenic groundwater (similar to
Site SS-15A). A rate-constant range for acenaphthene of 0 (no degradation) to 0.004
day-1 was derived by Aronson and Howard (1997). For BIOSCREEN modeling
purposes, a benzo(a)pyrene decay rate of 0.002 day‘1 (the average site-specific decay
coefficient determined for naphthalene, and the midpoint of the range for acenaphthene
described above), was used for Site SS-15A. The BIOSCREEN model results are
relatively insensitive to the precise magnitude of the solute decay coefficient because
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the simulated solute concentrations over time are much more dependent on the source

decay rate than the solute decay rate, which is the case for benzene and benzo(a)pyrene.

Source Area Dimensions and Concentrations. BIOSCREEN assumes a source
represented by a vertical plane perpendicular to groundwater flow. The cross-sectional
area of the vertical plane was estimated from the soil data collected in 1994 (OHM,
1995a). The width of the source area was estimated to be 20 feet, and the thickness of
the contaminated soil interval was estimated to be 5 feet. The maximum benzene and
benzo(a)pyrene concentrations (28 pg/L and 5 pg/L, respectively) detected in
groundwater samples collected in October 1997 were used as model inputs for initial

source concentrations.

Source Half-Life and Source Mass. BIOSCREEN incorporates an approximation
for a declining source concentration over time. The declining source term assumes that
the mass of contaminant in the source area dissolves slowly as fresh groundwater passes
through, and that the change in source zone concentration can be approximated as a
first-order decay process. The model will compute an estimated source half-life due to
physical flushing (dissolution) of adsorbed contaminants into the groundwater over time
given the estimated mass of contaminant present in the source area. However, this
half-life does not account for the effects of source biodegradation, which also reduces
the source mass via destructive attenuation processes. Therefore, the average site-
specific solute biodegradation rate for benzene (0.002 day-1) was combined with the
source decay rate attributable to physical flushing derived from the batch-flushing
model assuming 3 months of flushing per year (0.0003 day-1) to derive a total source
decay rate for use in the BIOSCREEN simulations.

Benzene was not detected in soil samples collected in 1994, and was detected at a
estimated maximum concentration of 2.7 pg/kg in samples collected in 1997; however,

the detection limit was often elevated due to sample dilution. Assuming that the
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average benzene concentration in source area soils is equal to the regular reporting limit
for this compound of 5 pg/kg, and assuming 36 cubic meters of contaminated soil in the
source (equivalent to a cylinder with a diameter of 20 feet and a height of 4 feet), an

initial source area benzene mass of 0.00036 kg was estimated.

A tota’ source decay rate incorporating the effects of biodegradation and physical
flushing (negligible for this analyte) also was estimated for benzo(a)pyrene. The source
decay rate could not be confidently estimated using the soil quality results for the three
locations that were sampled in both 1994 and 1997 (see Section 5.4) due to the
variability of the data. Howard (1991) reported half-lives for benzo(a)pyrene in
anaerobic soils of 228 days to 5.8 years. The most conservative half-life (5.8 years)

was used for the benzo(a)pyrene source half-life in the BIOSCREEN simulations.

An initial soil benzo(a)pyrene concentration was back-calculated from the maximum
dissolved benzo(a)pyrene concentration in groundwater using a compound-specific
distribution coefficient (Appendix B). Assuming 36 cubic meters of contaminated soil
in the source (equivalent to a cyliner with a diameter of 20 feet and a height of 4 feet),
the dissolvable mass of benzo(a)pyrene in the source areas in October 1997 was

estimated to be 0.72 kg based on an estimated distribution coefficient of 2000 L/kg.

Instantaneous Reaction Data. The instantaneous reaction model in BIOSCREEN
uses field data for electron acceptors to calculate a biodegradation rate. The input data
include the change in DO, nitrate, and sulfate concentrations between the source areas
of the plume and an upgradient, background area and the observed ferrous iron and
methane concentrations in the source area of the plume. Assuming that the
biodegradation of benzene has produced 25 percent of the reaction byproducts (and the
biodegradation of toiuene, ethylbenzene, and xylenes the other 75 percent), 25 percent
of the average concentrations of the reaction by-products measured in October 1997

were used as input for the instantaneous reaction model. The reaction stoichiometry
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used by the instantaneous reaction model to simulate the fate and transport of BTEX
compounds was revised to include the appropriate values for benzo(a)pyrene prior to

simulation of this compound.

6.6.3.3 Model Calibration

The model was calibrated by comparing simulation results for dissolved benzene in
source areas with three years (1994 through 1997) of groundwater monitoring results.
The model was run for three source area wells (AP12-MW21, AP12-MW24, and
AP16-MW39) with relatively high benzene concentrations detected in groundwater
samples collected during the year 1, first quarter, MO event (October 1995). Plots of
both simulated and field-measured dissolved benzene concentrations versus time
indicate a reasonable correlation in light of the relatively erratic temporal variations in
dissolved benzene concentrations observed during the MO events. Field data from MO
events performed during times of relatively high groundwater levels were selected for
model calibration because dissolved contaminant concentrations are generally higher

during times of high groundwater levels.

6.6.3.4 Model Results

Benzene. The model was run at one-year intervals from 1997 to estimate the future
maximum downgradient extent of dissolved benzene concentrations exceeding the Tier
1 TCL of 1 pg/L, and to determine the time required for benzene concentrations in the
source area to decrease below the TCL. Simulations were performed for the source
areas with the highest detected 1997 dissolved benzene concentrations (wells AP12-
MW24 and AP16-MW39) in order to provide conservative estimates for the entire site.
Benzene was detected at 28 pg/L in groundwater samples collected at both locations in
October 1997. The average estimated source and solute decay rates presented in

Sections 6.3.3 and 6.6.3.2, respectively, were used in model simulations.
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The first-order reaction model indicates that dissolved benzene concentrations will
steadily decrease to below 1 pg/L within 6 years (Figure 6.8). The maximum predicted
downgradient extent of dissolved benzene concentrations exceeding 1 pg/L was 35 to

40 feet from the source area.

Because of the low concentrations of dissolved benzene relative to the concentrations
of electron acceptors in groundwater, results for the instantaneous reaction model
indicate that benzene will be degraded at a faster rate than it is leached from source area
soils. Therefore, the model predicts that benzene will be “instantaneously” degraded
and will not persist in the groundwater. The presence of dissolved benzene in the
groundwater at Site SS-15A demonstrates that this model is not adequately simulating
site conditions, and that actual reaction rates in site groundwater are lower than the

instantaneous rates simulated by the model.

Benzo(a)pyrene. The BIOSCREEN model was run at 2- to 5-year intervals from
1997 to estimate the time required for dissolved benzo(a)pyrene concentrations in
source area groundwater to decrease below the Tier 1 TCL of 0.2 pg/L. Simulations
were performed using the highest-detected 1997 concentration of dissolved
benzo(a)pyrene (5 pg/L) in order to provide conservative estimates for the entire site.
The simulation was performed using a source half-life of 5.8 years and an average

solute half-life of 0.92 year.

Results of the first-order reaction simulation indicates that dissolved benzo(a)pyrene
will steadily decrease to less than the Tier 1 TCL of 0.2 pg/L after approximately 27
years. Results also indicate that the lateral migration of dissolved benzo(a)pyrene will
be minimal due to its extremely high retardation coefficient. The actual rates at which
dissolved benzo(ajpyrene concentrations decrease may be more rapid than simulated,
because the first-order decay rate decay rate may underpredict the rate of source

depletion (Newell et al., 1996). Similar to benzene, the instantaneous reaction model
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indicates that dissolved benzo(a)pyrene will not persist in the groundwater because the
theoretical assimilative capacity of the groundwater exceeds the concentration of

benzo(a)pyrene leaching from the source area soils.

6.6.3.5 Modeling Conclusions

Results of the BIOSCREEN model indicate that the maximum migration distance of
dissolved benzene from any source area will be approximately 40 feet, and that
concentrations of dissolved benzene will decrease below the Tier 1 TCL of 1 pg/L by
approximately 2003. Results for dissolved benzo(a)pyrene suggest that maximum
concentrations of this compound will persist in source area groundwater at
concentrations exceeding 0.2 pg/L for up to approximately 27 years due to its potential

biological recalcitrance.
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SECTION 7

DEVELOPMENT OF TIER 2 TARGET LEVELS FOR CHEMICALS
OF CONCERN IN THE FLORIDA AIR NATIONAL GUARD AREA

7.1 OBJECTIVE OF A TIER 2 SITE-SPECIFIC EVALUATION

The Tier 1 screening process is considered protective of human health because the
Tier 1 risk-based screening criteria are based on conservative exposure assumptions that
cover a wide range of commercial and industrial land uses. At FDEP’s request, the Air
Force has agreed to use Tier 1 industrial TCLs as the ultimate cleanup objective for
parcels of Site SS-15A that will be transferred to non-Air Force entities. The Tier 1
analysis conducted in this CAP (Section 4) identified benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-
cd)pyrene as potential COPCs in soils; and identified benzene, ethylbenzene, MTBE,
acenaphthene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, naphthalene, and TRPH as COPCs in groundwater. However,
chemicals identified as COPCs in Section 4 of this CAP may not be present at levels
that pose unacceptable threats to human health given the current and future exposure
potential at this site. Section 6 described how natural attenuation will continue to limit
migration and reduce future exposure concentrations. The future exposure potential at
the site is also limited by actual land use, which can be controlled directly by the Air
Force (in the FANG area) or by deed restrictions on land transferred to new land
owners. The purpose of this section is to complete a Tier 2 analysis to determine
appropriate site specific target levels (SSTLs) for contamination in the portion of Site
SS-15A which will remain under Air Force control. A secondary purpose of SSTL
development will be to determine if any other areas within Site SS-15A are likely to
present a significant risk to future intrusive workers.

7-1

022/731298/14.DOC



Development of site-specific exposure scenarios requires a reevaluation of the
preliminary conceptual site model presented in Section 4. The revised CSM for Site
SS-15A, which is presented in Section 7.2, identifies only those receptors and exposure
pathways that realistically may be completed under current or hypothetical but realistic
future exposure scenarios, considering land uses and the results of the chemical fate and

transport assessment presented in Section 6.

Section 6 presented the results of fate and transport modeling used to predict the
attenuation of the COPCs migrating away from the source areas. Tier 2 of the risk-
based approach is completed in this section by comparing appropriate site
concentrations (observed current, and predicted future) to reasonable matrix-specific
SSTLs at receptor exposure points. These SSTLs are described as the Tier 2 risk-based
criteria, and differ from the generic TCLs in that the conservative exposure
assumptions used to derive the generic TCLs (e.g., exposure duration of 25 years) are
replaced with more realistic site-specific exposure assumptions (e.g., exposure duration
of one year). It is important to emphasize that the Tier 2 SSTLs are based on achieving
levels of human health protection identical to those of the generic target cleanup levels
(i.e., the site-specific criteria are based on a carcinogenic target risk limit of 10 and a
noncarcinogenic hazard quotient of =1). The presence of various analytes at
concentrations above the applicable generic TCLs also justifies the need for a Tier 2
evaluation to assist in the development of corrective actions that can achieve the desired

level of risk reduction at the site.

One of the primary site-specific considerations that can be incorporated into
development of the SSTLs is the demonstrated and predicted degree of attenuation of
COPCs in affected environmental media. As mentioned above, the comprehensive
chemical fate assessment, which emphasizes documenting biodegradation of the
COPCs, concluded that natural chemical attenuation processes are effectively
minimizing the mass and mobility of fuel hydrocarbon COPCs in soils and
groundwater, and that these processes are expected to be sufficient to prevent
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significant COPC migration beyond the immediate source areas (i.e., the limited
“hotspot” locations of releases to soil). Based on this information, it can be concluded
that migration of COPCs offsite or off Base will not occur. Furthermore, modeling
indicates that groundwater contamination is not migrating appreciable distances from

the location of the soil contamination source areas.

In summary, the objectives of developing SSTLs that include exposure assumptions
more representative of actual site conditions are 1) to determine whether current or
predicted future site concentrations of COPCs present an unacceptable risk to current
and future receptors; and 2) to provide a mechanism or reference to assess the cost and

time required to lower site concentrations to achieve adequate risk reduction at the site.

7.2 REVISED CONCEPTUAL SITE MODEL REVIEW

The preliminary CSM presented in Section 4 was used to qualitatively identify
potential human and ecological receptors that may be exposed to site-related
contaminants, and to define the types of these potential exposures at Site SS-15A
(Figure 4.1). The preliminary CSM describes onsite release points, the affected
physical media, the types of contaminant transport and fate mechanisms that may be
involved at the site, each group of potentially exposed populations or receptors, and
how each receptor group could come into contact with site-related contamination. This
CSM was used to identify which of the exposure assumptions used to develop generic
cleanup criteria most closely approximates site conditions. The exposure assumptions
incorporated into the generic industrial TCLs (i.e., Table IV Direct-Exposure II and
Table V TCLs) were identified as generally representative of the types of exposure that
could occur at Site SS-15A, but greatly overestimate the magnitude of exposure specific
to current and expected future site conditions within the FANG area. For example,
Tier 1 screening of groundwater assumed unrestricted future use of groundwater.
Therefore, the target cleanup criteria presented in Table V (FDEP, 1996) which were
developed assuming potable use of groundwater, were used in the Tier 1 screening.

The preliminary CSM exposure pathways are reevaluated in this section using the Tier
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2 chemical fate information presented in Section 6. It is important to emphasize that
the purpose of using the preliminary CSM and the conservative, nonsite-specific TCLs
to identify COPCs was to ensure that all subsequent assessment activities beyond the
Tier 1 screening evaluation address the full range of contaminants that may present

some risk to current of future receptors.

The revised CSM for Site SS-15A, which is presented on Figure 7.1 and briefly
reviewed in the following subsections, identifies only those receptors and exposure
pathways that realistically may be considered given current and future land use within
the FANG area. The outcome of the chemical fate assessment presented in Section 6
and the types of exposures likely to occur at this industrial site are reflected in this
revised CSM. Justification for each site-specific exposure assumption is provided in

subsequent discussions.

7.2.1 Revised Conceptual Model

7.2.1.1 Sources, Affected Media, Release Mechanisms, and Contaminant
Environmental Transport

The likelihood of release from a source, the nature of the contaminants involved, the
affected environmental media, and the probable magnitude of their release all are
included in the revised CSM (Figure 7.1). As described in the preliminary CSM
(Figure 4.1), releases from the below ground fuel distribution system have
contaminated site soil, soil gas, and groundwater with fuel hydrocarbons. The
predominant ongoing release mechanism for groundwater COPCs is leaching from
contaminated soils in the smear zone. Soil contamination occurs in a number of
discrete areas, primarily as residual LNAPL in the vadose (unsaturated) zone (i.e.,
shallower than 6 to 7 feet bgs). The general lack of mobile LNAPL (free product)
detections at the site indicates that mobile LNAPL is not a significant, continuing
source of groundwater contamination. The very flat groundwater gradient and low
groundwater flow velocity (i.e., 0.014 ft/day or 5.1 ft/yr), and the potential for local
multi-directional groundwater flow result in a lengthy groundwater residence time near
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the suspected source area. These hydrogeologic conditions act to minimize the
horizontal migration of the dissolved plume. As site data and the modeling performed
in Section 6.6 indicate, destructive and nondestructive attenuation rates are also acting
to limit migration of contaminants in concentrations above the TCLs, to the vicinity of
the “hotspot” soil source areas. | Modeling also indicates that contaminants will not
impact the flightline canal, and, therefore, groundwater contaminants from Site SS-15A

will not impact surface water.

7.2.1.2 Potentially Exposed Receptors, Exposure Points, and Exposure Routes

The revised CSM also refines the identification of potentially exposed receptor
populations, receptor exposure points, and exposure routes for realistic scenarios based
on specific conditions within the FANG area.  These components better reflect the
likelihood and extent of human or ecological receptor contact with site-related
contaminants. As described in Section 3, Site SS-15A is the flightline apron for the
Homestead AFB runway. The entire extent of the site is within the boundaries of the
Base, which is surrounded by a chainlink fence, and is under constant manned guard.
An additional security fence surrounds the FANG area. Therefore, potential receptor
groups are limited to Air Force authorized, onsite intrusive workers. There are no
completed pathways to offsite receptors. Furthermore, the concrete/asphalt cover

prevents contact with contaminated soil or groundwater by current Base personnel.

The industrial nature of the site, and the pavement covering the entire site, precludes
the existence of suitable wildlife habitat. No resident ecological receptors were
identified for which soils and/or groundwater are likely contaminant exposure media.
No exposure pathways involving potential offsite ecological receptors are or will be
complete based on the outcome of the quantitative chemical fate assessment presented in

Section 6.

Using the most conservative exposure assumptions appropriate for the FANG area,

the only realistic receptor that is likely to become exposed to site-related contaminants
7-6
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is the onsite intrusive worker involved in demolition, removal, and/or construction
activities.  Inhalation of VOCs (partitioning from either contaminated soil or
groundwater) in ambient air at the site could result in a completed pathway for the
onsite intrusive worker. However, rapid dilution by ambient air will decrease xylene
concentrations to levels that are well below the OSHA PEL; and therefore, this
pathway is assumed to be insignificant. In addition, incidental ingestion of
groundwater by the onsite intrusive worker was eliminated from further consideration.
It is not reasonable to assume that intrusive workers could actually incidentally ingest a

significant amount of contaminated groundwater during excavation activities.

7.2.2 Summary of Completed Exposure Pathways

Given the current and planned future uses of the FANG area (aircraft support), and
the outcome of the Tier 2 quantitative chemical fate assessment presented in Section 6,
only onsite intrusive workers could be exposed to site-related contamination during
excavation activities (see Figure 7.1). Therefore, health-based Tier 2 SSTLs developed
for the FANG area are those designed to protect hypothetical future onsite intrusive
workers from carcinogenic risks and noncarcinogenic hazards via direct contact with
soils and groundwater. Even onsite intrusive workers would be exposed to significant
concentrations of contaminants only if the intrusive activities are located at or
immediately adjacent to one of the areas of soil contamination. Based on extensive soil
sampling, areas with elevated concentrations of contaminants are thought to comprise a

relatively small proportion of the site.

7.3 DEVELOPMENT OF SITE-SPECIFIC TARGET LEVELS (SSTLS)

In order to develop representative SSTLs, realistic exposure assumptions for
intrusive workers must be used. A detailed study of construction and underground
utility workers was completed at Eglin AFB to estimate the average and maximum time
that workers could be exposed to contaminated soils and groundwater during excavation

activities (McLain, 1998). The results of this exposure study have been approved by
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the FDEP as being representative of intrusive (excavation) worker exposures on active
military bases. The Air Force believes that these exposure assumptions are valid for

the FANG area of Site SS-15A, which will remain under Air Force control.

Tables 7.1 and 7.2 present the chemical-specific SSTLs for the FANG area within
Site SS-15A. Note that two sets of SSTLs are calculated.  Central tendency (CT)
SSTLs are based on the average exposure timeframes expected for intrusive workers.
Reasonable maximum exposure (RME) SSTLs are based on the maximum (worst case)
exposure durations expected for intrusive workers. To ensure protection of human
health under worst case conditions, the Air Force has selected RME SSTLs as cleanup
target levels for the FANG Area. The RME values are based on a one-year, 180 days-
per-year exposure to contaminated soils and a 46-day (2-hours-per-day) exposure to
contaminated groundwater. Other exposure variables used to calculate the soil and
groundwater SSTLs were taken from McClain (1998) and from FDEP values presented
in Development of Soil Cleanup Target Levels (SCILs) for Chapter 62-770, F.A.C.,
June 18, 1997. COPC toxicity values used in the SSTL derivations are based on
toxicity data reported in the Integrated Risk Information System (IRIS) (Micromedex,
Inc., 1998) or used by FDEP to derive the generic Tier 1 target cleanup levels.
Appendix C presents the exposure assumptions and derivation of the SSTLs for the
FANG Area of Site SS-15A.

7.3.1 SSTLs for Soil

Table 7.1 presents the SSTLs for the soil COPCs found within the FANG Area at
Site SS-15A. These SSTLs are calculated assuming direct contact with soil and include
exposure via incidental ingestion of, dermal contact with, and inhalation of particulates
and volatiles from site soils. The algorithm used to calculate the SSTLs is equivalent to
that used by FDEP to calculate Tier 1 TCLs. The SSTLs differ from the Tier 1 target
cleanup levels because several exposure parameters, as described above, are based on

site-specific intrusive worker scenarios.
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7.3.2 SSTLs for Groundwater

Table 7.2 presents SSTLs for the groundwater COPCs within the FANG Area at Site
SS-15A. These SSTLs are calculated assuming dermal contact with and incidental
ingestion of groundwater and inhalation of volatiles released from groundwater. The
dermal contact algorithm is based on the general absorption intake equation for dermal
contact with chemicals in water developed by USEPA (1989). The approach used to
incorporate the inhalation pathway in the SSTL calculations was derived by
toxicologists at the University of Florida (University of Florida, 1998). The
groundwater SSTLs are health-based values calculated to protect onsite intrusive
workers from health risks associated with dermal exposure, incidental ingestion, and
inhalation of chemical contamination found in groundwater. As stated earlier, the
generic health-based Tier 1 TCLs are calculated assuming purposeful ingestion of
onsite groundwater by onsite workers under residential-type exposure conditions (i.e.,
30-year exposure duration, 2 liters per day consumption rate, etc.). In reality, these
TCLs would apply only if impacted groundwater from Site SS-15A migrated to offsite
locations where a residential land use assumption is more representative of exposure
conditions. The Tier 2 quantitative chemical fate assessment completed in Section 6
demonstrates that no groundwater COPC is expected to migrate to or beyond the site

boundary.

7.4 COMPARISON OF EXPOSURE-POINT CONCENTRATIONS TO SSTLS

The maximum detected concentrations of soil and groundwater COPCs were
conservatively assumed to represent the current and future exposure-point
concentrations at Site SS-15A. However, it is important to note that the Tier 2
chemical fate assessment demonstrates that contaminant concentrations are rapidly
reduced as groundwater moves away from the contaminant sources. In addition, the
maximum detected site concentrations most likely do not represent the true exposure-
point concentrations to which potential future workers would be exposed. Data suggest

that much of Site SS-15A has little or no contamination, and that areas of greater
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contamination are limited in extent. Furthermore, data indicate that destructive and
pondestructive natural attenuation processes are operating at the site to reduce

contaminant concentrations.

Table 7.1 compares maximum concentrations of soil COPCs to soil SSTLs. From
the table it can be seen that two PAHs, benzo(a)pyrene and possibly
dibenzo(a,h,)anthracene, have maximum detections that exceeded RME SSTLs. Of
these two PAHs, only benzo(a)pyrene was detected above the RME SSTL in the 1997
sampling event; the detection of 7.4 mg/kg occurred in a soil sample collected at AP26-

SB1-5 in the FANG Area.

Table 7.2 compares maximum detected concentrations of groundwater COPCs to
groundwater SSTLs. Benzo(a)anthracene, benzo(a)pyrene, and benzo(b)fluoranthene
were detected in groundwater at concentrations above the RME SSTLs.
Benzo(a)pyrene wase detected above its RME SSTL at sampling locations within the
FANG Area (AP26-MW75 and AP27-MW78) during 1997 sampling.
Benzo(b)fluoranthene and benzo(a)anthracene were detected above their RME SSTLs
during 1997 sampling events at sampling location AP27-MW78 only. These locations
correspond to areas of relatively elevated soil contamination. Modeling results
described in Section 6 and site data indicate that natural attenuation processes and the
low groundwater flow rate will limit the areal extent of groundwater contaminated

above the SSTLs.

7.5 SUMMARY OF RISK-REDUCTION REQUIREMENTS

Comparison of maximum detected COPC concentrations to SSTLs indicate that
several PAH compounds exceed the SSTLs for soil and groundwater. Minor
exceedences of SSTLs for soil are random throughout the site. These exceedances are
caused by low levels of PAH compounds which are not directly related to fuel residuals
but are likely residuals from asphalt pipe coatings or the asphalt covering the apron.

Two locations at Site SS-15A (AP26-MW75 and AP27-MW78) showed consistent
7-12
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groundwater contamination above RME SSTLs. Data collected on destructive and
nondestructive attenuation at the site indicates that elevated concentrations of
groundwater contaminants are not migrating appreciable distances from the source

areas. No actions are needed to prevent migration.

Based on current levels of soil and groundwater contamination, two risk reduction

requirements are evident:

1. Institutional controls that require proper protection for future excavation
workers in all areas of Site SS-15A with contamination exceeding Tier 1
TCLs or SSTLs. These controls should be included in deed restrictions for all
land that is transferred from Air Force control. Sections 9 and 10 discusses

these institutional controls in greater detail.

2. Based on historical groundwater contamination exceeding SSTLs and soil
leaching models, active remediation may be warranted at two “hotspots”
within the FANG area to reduce the duration of elevated groundwater
contaminant concentrations due to leaching from soil. Active remediation in
this area will allow future intrusive workers to complete utility repairs, etc.

without restrictions on the duration of exposure to soil and groundwater.

3. Continued monitoring of groundwater is recommended to ensure that
contaminant concentrations continue to attenuate and will not pose a risk to
surface waters in the Flightline Canal. Monitoring should continue until Tier

1 groundwater TCLs are achieved.

7-13

022/731298/14.DOC




SECTION 8
PILOT TESTING OF SOURCE REMOVAL TECHNOLOGIES

Section 6 of this CAP shows that both destructive and nondestructive attenuation
processes should be effective at minimizing contaminant migration and reducing
contaminant mass at Site SS-15A. This analysis was based on available site data for
soil and groundwater. Selected source removal technologies also were evaluated at Site
SS-15A in the event that engineered source removal is required to protect human health
and the environment or to reduce the total time and cost of remediation. A pilot-scale
bioventing test was conducted at Site SS-15A, apron line AP-18, by Parsons ES in
October 1997. Results of bioventing pilot testing at apron line AP-18 are summarized

in this section.

8.1 IN SITU BIOVENTING PILOT TEST DESIGN AND SYSTEM
INSTALLATION

Bioventing pilot testing, including air permeability, oxygen influence, and in situ
respiration testing, was conducted following procedures described in the Air Force
bioventing protocol document (Hinchee et al., 1992). In preparation for pilot testing,
one air injection vent well (VW-1) and two vapor monitoring points (MPA and MPB)
were installed near valve box 1 at the north end of Apron Line AP-18. Existing
groundwater monitoring wells (MW-41, MW-42, and MW-43, which have well screens
extending above the water table) also were utilized to monitor pressure response and

soil gas chemistry during pilot testing.

Bioventing well VW-1 and vapor monitoring points MPA and MPB were installed
on 24 October 1998. Figure 8.1 is a layout of the pilot testing area, and Figure 8.2 is
a hydrogeologic cross-section showing the relationships of the screened intervals to

8-1
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subsurface soil intervals. Borehole logs and well construction diagrams for the

bioventing system are included in Appendix A.

One 2-inch-diameter polyvinyl chloride (PVC) air injection vent well (VW-1) was
installed in contaminated source area soils adjacent to valve box 1. VW-1 was screened
in the limestone bedrock from 2.5 to 8.5 feet bgs. VW-1 was piped to three small test

blowers which supplied a total air flow of 3 standard cubic feet per minute (scfm).

The two soil vapor monitoring points were screened in the unsaturated zone using 6-
inch-long sections of 1-inch-diameter well screen, with the bottom of the screens placed
at a depth of 4 feet bgs. A thermocouple was installed at the top of the MPA screen 5

to measure soil temperatures.

8.2 PILOT TEST RESULTS
8.2.1 Initial Soil Gas Chemistry

Prior to initiating any air injection, soil gas collected from the MPs and existing
groundwater monitoring wells was analyzed for initial oxygen, carbon dioxide, and
TVH concentrations using portable gas analyzers, as described in the technical protocol
document (Hinchee ef al., 1992). In addition, samples from wells MW-41 and MW-43
were submitted for laboratory analyses for TVH (referenced to JP-4 jet fuel) and
BTEX. Table 8.1 summarizes the initial soil gas chemistry. Prior to collecting the soil
gas samples, the MPs and groundwater monitoring wells were purged until oxygen
levels stabilized to remove stagnant gas. At all locations, soil gas oxygen
concentrations had been depleted to below the instrument detection limit. Depleted
oxygen concentrations indicate significant biological activity and soil contamination.
In comparison, oxygen concentrations at the upgradient well at AP26 (MW-112), which

was constructed in clean soils, was 19.0 percent.

TVH field measurements at the MPs and groundwater monitoring wells ranged from

680 to over 20,000 parts per million, volume per volume (ppmv), and laboratory TVH
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TABLE 8.1
INITIAL FIELD AND LABORATORY SOIL GAS ANALYTICAL RESULTS
BIOVENTING PILOT TEST, APRON LINE AP18
RISK-BASED APPROACH TO REMEDIATON

. SITE SS-15A
HOMESTEAD AfB, FLORIDA
Field Screening Data Laboratory Analytical Data”
Sample Carbon Ethyl-
Sample Depth Oxygen Dioxide TVH" TPH® Benzene Toluene benzene  Xylenes
Location  (ft bgs)” (percent) _ (percent)  (ppmv)” (ppmv) (ppmv) (ppmv) (ppmv) (ppmv)
VW-1 2.5-53 _ NA" NA NA NA NA NA NA NA
MPA 4.0 0.0 16.8  >20,000 NA NA NA NA NA
MPB 4.0 0.0 16.0 1,900 NA NA NA NA NA
MW-41 3553 0.0 13.5 9,200 22,000 <1¥ 65M" 54M 240M
MW-42 3.5-5.3 0.0 16.3 680 NA NA NA NA NA
MW-43 3.5-5.3 0.0 16.0 840 1,508 <0.052 4.7M 2.7 24M

¥ Laboratory analysis of soil gas performed using USEPA Method TO-3. Laboratory TPH referenced to jet fuel (MW =156).

¥ TVH = total volatile hydrocarbons.

¢ TPH = total petroleum hydrocarbons. C5+ hydrocarbons referenced to jet fuel (MW=156); C2-C4 hydrocarbons referenced to propane (MW=44).
Y gt bgs = feet below ground surface.

“ ppmy = parts per million, volume per volume.

' NA= Sample not analyzed.

Y <= compound analyzed for , but not detected. Number shown represents the laboratory method detection limit.

MM = Reported value may be biased due to apparent matrix interferences.

022/731298/15.xls/Table 8.1




results were 1,508 and 22,000 ppmv for soil gas samples from. MW-43 and MW-41,
respectively. These results indicate moderate to high levels of fuel contamination in the

pilot test area.

8.2.2 Air Permeability and Oxygen Influence Testing

An air permeability test was conducted according to procedures outlined in the
AFCEE bioventing protocol (Hinchee et al., 1992). Air was injected into VW-1 for 60
minutes at a rate of approximately 3 scfm and an average pressure of 57 inches of
water. Pressure measured at the MPs and groundwater monitoring wells gradually
increased throughout the period of air injection. Due to the gradual increase in pressure
response, the dynamic method of determining air permeability was selected. An
average soil gas permeability value of 40 darcys, typical for sandy or porous soils, was
calculated for this site. The maximum pressures measured at the MPs and groundwater
monitoring wells, and calculated air permeability values are presented on Table 8.2. A
radius of pressure influence of at least 30 feet was observed at the 3.5- to 5.5-foot

depths.

The depth and radius of oxygen increase in the subsurface resulting from air
injection during pilot testing is the primary design parameter for full-scale bioventing
systems. Optimization of full-scale and multiple VW systems requires pilot testing to
determine the volume of soil that can be oxygenated at a given flow rate and VW screen

configuration.

Table 8.3 presents the change in soil gas oxygen levels that occurred during an 18-
hour injection period with an air injection rate of 3 scfm. This period of air injection
produced changes in soil gas oxygen levels at all the monitored screened intervals.
Based on measured changes in oxygen levels, it is anticipated that the radius of
influence for a long-term bioventing system would exceed 30 feet within the

unsaturated limestone.
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The fairly uniform pattern of decreasing pressure response and oxygen influence
with increasing distance from VW-1 indicates that the air flow through the weathered
bedrock is relatively uniform and is not greatly influenced by fractures or other zones

of higher permeability.

8.2.3 In Situ Respiration Testing

In situ respiration testing was performed at Apron Line AP-18 to determine oxygen
utilization rates and potential biodegradation rates. Testing followed permeability and
oxygen influence testing, which resulted in increased subsurface oxygen levels in the
vicinity of valve box 1. At the completion of the oxygen influence test, the blower was
turned off, and changes in soil gas composition over time were then measured at VW-1,
MPA, and MPB. Oxygen, TVH, and carbon dioxide were measured for a period of
approximately 48 hours following air injection. The measured oxygen losses then were
used to calculate biological oxygen utilization rates. Table 8.4 provides a summary of

the oxygen utilization rates.

Oxygen loss occurred at moderate rates, ranging from 0.289 percent per hour at
MPA to 0.403 percent per hour at VW-1. At VW-1, oxygen levels dropped from 21.0
percent to 2.0 percent in approximately 48.5 hours (Table 8.4).

Based on these oxygen utilization rates, an estimated 462 to 652 mg of fuel per kg of
soil can be degraded each year at this site. This conservative estimate is based on an
average air-filled porosity of approximately 0.045 liter per kg of soil, and a ratio of 3.5
mg of oxygen consumed for every 1 mg of fuel biodegraded. The air-filled porosity
was calculated using laboratory soil moisture results for soil samples collected at the 2-
to 4-foot and 3- to 5-foot intervals (collected at AP15 and AP20, respectively) and an

estimated limestone porosity of 35 percent.
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8.2.4 Pilot Test Results Summary

Treatabiliy testing indicates that in situ bioventing is a feasible method for
remediating unsaturated, hydrocarbon-contaminated soil and weathered limestone
bedrock within source areas at SS-15A. In contrast with the bioventing feasibility
testing performed. at Site SS-15B (Parsons ES, 1997a), results for the bioventing pilot
test performed at Apron Line AP-18 indicate that relatively uniform distribution of air
to the unsaturated soil and limestone is achievable with vertical air injection wells. The
continuous asphalt and concrete pavement and thicker unsaturated zone at Site SS-15A
(compared to Site SS-15B which has no pavement cover and a thinner unsaturated zone)
likely account for the successful use of vertical air injection wells at Site SS-15A.
Although bioventing is a technically feasible remediation technology for Site SS-15A,
the distribution of contamination (numerous, widely-spaced, individual source areas)
and lack of easily accessible electrical power would increase the cost of implementing

this remedial technology at Site SS-15A.
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SECTION 9
COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

Sections 6 and 8 provide scientific documentation of natural attenuation processes
and the potential benefits of in situ bioventing in accelerating the remediation of source
areas at Site SS-15A. An initial screening of remedial approaches and technologies was
completed, and several technologies were identified for possible use at Site SS-15A. A
complete review of the initial screening process is included in Appendix E. Three
remedial alternatives were developed using various combinations of public education,
land and groundwater use controls, LTM, natural attenuation, in situ bioventing, soil
excavation, and groundwater extraction. The objectives of Section 9 are to summarize
the remedial action objectives for Site SS-15A, review the remedial alternatives
developed from the technologies screened in Appendix E and the primary evaluation
criteria used to compare these alternatives, and to complete a more detailed comparative
analysis of each alternative in an effort to identify the most logical approach for
remediating Site SS-15A. Each alternative is more fully explained in terms of its
effectiveness, technical and administrative implementability, and cost. Following this
evaluation, an implementation plan and LTM plan for the recommended alternative are

summarized in Section 10.

9.1 SUMMARY OF RISK REDUCTION REQUIREMENTS

Section 7 identified two primary risk reduction requirements based on a comparison
of remaining site contaminants to Tier 1 industrial TCLs and SSTLs.  These risk

reduction requirements include:
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1. A npeed to protect future intrusive workers in all areas of Site SS-15A with
contamination exceeding Tier I TCLs or SSTLs for soil and groundwater.
Protection from contaminated groundwater is particularly important since dermal
contact with groundwater is the primary long-term risk driver for PAH
contaminated sites. As a minimum, institutional controls requiring protection of
excavation workers should be included in deed restrictions for all land transferred

from Air Force control.

2. Based on historical groundwater contamination which exceeds both Tier 1 TCLs
and SSTLs, and future predictions of soil leaching (Section 6), active remediation
may be warranted at two “hot spots” within the FANG area (AP26-MW75 and
AP27-MW78).  Sampling of these areas has consistently revealed multiple
contaminants which exceed the SSTLs that were developed for intrusive workers.
Since this area will remain under Air Force control, the Air Force should consider
the advantage of a focused remediation in these areas to eliminate future risks to

intrusive utility or construction workers.

3. Continued monitoring of groundwater is recommended to ensure that contaminant
concentrations continue to attenuate and will not pose a risk to surface waters in the
Flightline Canal. Monitoring should continue until Tier 1 groundwater TCLs are

achieved.

9.2 SUMMARY OF CANDIDATE REMEDIAL ALTERNATIVES

Based on the initial remedial screening process, which is summarized in Appendix
H, several remedial approaches and technologies were retained for the development of
remedial alternatives. These technologies were selected to provide a range of passive to
more active response actions, all of which will minimize contaminant migration and
diminish dissolved contaminant concentrations over time. The primary goal of all the
candidate alternatives is to remediate Site SS-15A contaminant concentrations below

Tier I groundwater TCLs. Long-term institutional controls (OSHA requirements) will
9-2
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be used to ensure worker protection if soil excavation is required. The SSTLs
developed for Site SS-15A have been used to identify areas where more immediate
remediation will provide a protective work environment for intrusive workers. The
goal of achieving Tier I TCLs and SSTLs (within the FANG Area) will be met in
different time frames and at different costs under each alternative. The following

remedial approaches and technologies were retained for evaluation:
« Long-term groundwater monitoring;
« Limited land use and engineering controls;
o Groundwater use controls;
« Public education;
« Natural attenuation of soil and groundwater contamination;
» In situ bioventing in selected source areas;
« Excavation of hot spots of contaminated soils; and
« Short-term groundwater extraction in plume “hotspots.”

The primary objective of source reduction technologies would be to more rapidly
remove contaminants from the shallow groundwater and unsaturated soils near wells
AP26-MW75 and AP27-MW?78, where the only exceedences of groundwater SSTLs
occurred between December 1996 and October 1997 (Table 7.2).

Because natural attenuation has been effectively reducing dissolved contaminants in
the groundwater and limiting downgradient migration (Section 6), this ongoing
remediation process can best be enhanced through a reduction of the continuing source
of contamination at Site SS-15A. Two candidate soil source reduction technologies (in

situ bioventing for treatment of residual soil contamination and soil excavation) and one
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groundwater treatment technology (short-term groundwater extraction and treatment)
have been retained for additional analysis. Three candidate remedial alternatives were

developed and are described in the following sections.

9.2.1 Alternative 1 - Natural Attenuation, Long-Term Monitoring, and Land and
Groundwater Use Controls

Goal of Alternative 1: Attainment of SSTLs in the FANG Area and attainment of
Tier I groundwater TCLs in all areas of Site SS-15A by the year 2024.

Remediation by natural attenuation (RNA) is achieved when natural attenuation
mechanisms bring about a reduction in the total mass of, or restrict the migration of, a
contaminant in the soil or dissolved in groundwater. RNA results from the integration
of several subsurface attenuation mechanisms that are classified as either destructive or
nondestructive. Destructive attenuation mechanisms include biodegradation, abiotic
oxidation, and hydrolysis. Nondestructive attenuation mechanisms include sorption,
dilution (caused by dispersion and infiltration), and volatilization. In some cases, RNA
will reduce residual and dissolved contaminant concentrations below numerical
concentration goals intended to be protective of human health and the environment. As
indicated by the evidence of RNA described in Section 6, these processes are occurring
in Site SS-15A soil and groundwater and will continue to reduce contaminant mass in

the plume area.

Implementation of Alternative 1 would require the use of institutional controls such
as land use restrictions and LTM. Land use restrictions may include placing long-term
requirements for worker protection during soil excavation within the source area and
long-term restrictions on groundwater well installations within and downgradient from
the plume area. The intent of these restrictions would be to control potential receptor
exposure to contaminants by protecting site workers and restricting activities within

areas affected by site-related contamination.
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LTM would be performed at a regular frequency and would consist of sampling a set
of wells, including source area and sentry monitoring wells. The recommended site-
specific LTM strategy is provided in Section 10. On the basis of predictive
contaminant fate and transport modeling results (Section 6.6.3.4), it is unlikely that
dissolved contaminant concentrations exceeding Tier 1 TCLs will migrate to the
Flightline Canal, which represents the only potential receptor exposure point under
current conditions. Nevertheless, LTM is the technical mechanism used to evaluate the
progress of natural attenuation processes and to ensure that long-term risk reduction
objectives are being met. Detection of dissolved contaminant concentrations exceeding
risk-based action levels at a sentry well would indicate the need for additional
evaluation of the probable extent of contaminant migration, and/or to determine if

additional corrective action is necessary.

Public education on the selected alternative would be developed to inform Base
personnel and potential new land owners of the scientific principles underlying source
reduction and RNA. This education could be accomplished through public meetings,
presentations, press releases, and posting of signs where appropriate. Periodic site
reviews also could be conducted using data collected from the long-term groundwater
monitoring program. The purpose of these reviews would be to evaluate the extent of
contamination, assess contaminant migration and attenuation through time, and

reevaluate the need for additional remedial actions.

9.2.2 Alternative 2 - In Situ Bioventing in Source Areas, Natural Attenuation,
Long-Term Monitoring, and Land and Groundwater Use Controls

Goal of Alternative 2: Attainment of SSTLs in the FANG Area by the year 2004
and attainment of Tier I groundwater TCLs in all areas of Site SS-15A by 2004.

Alternative 2 is similar to Alternative 1 except that in situ bioventing would be used
to accelerate the reduction of residual contaminant concentrations in unsaturated soils in
two source areas: AP26 valve box 1 and the northwest end of AP27. The Tier 2
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health-based SSTLs for benzo(a)anthracene and benzo(a)pyrene in groundwater were
exceeded at wells AP26-MW75 and AP27-MW78, and the SSTL for
benzo(b)fluoranthene also was exceeded at well AP27-MW78.

Bioventing at these locations would reduce soil (anid consequently groundwater)
concentrations of these COPCs to below Tier 2 SSTLs more rapidly than with
Alternative 1. An in situ pilot-scale bioventing test was performed by Parsons ES at
Site SS-15A in October 1997. The detailed results of this test are presented in Section
8. As the test results indicate, bioventing can effectively remove fuel-related
hydrocarbons from unsaturated soils at Site SS-15A. One existing groundwater
monitoring well (with the screened interval extending above the saturated zone) at the
northwestern ends of each of Apron Lines AP26 and AP27, would be converted to an
air injection VW and manifolded using underground air lines to a common blower

system located near the southeastern edge of the apron.

Land use and groundwater use controls for Alternative 2 would be identical to those
described for Alternative 1. For areas of Site SS-15A to be transferred from Air Force
control, deed restrictions would be required to ensure the protection of future intrusive
workers until Tier I TCLs are achieved through natural attenuation. Additional site
access would be required to maintain the bioventing systems. Long-term groundwater
monitoring also would be the same as Alternative 1. Additional soil gas monitoring
would be required for the full-scale bioventing systems to document the amount of
contaminant mass being removed from the vadose zone and to ensure optimal system

performance.

9.2.3 Alternative 3 - Source Area Soil Excavation, Short-Term Groundwater
Extraction/Treatment, Natural Attenuation, Long-Term Monitoring, and
Land and Groundwater Use Controls

Goal of Alternative 3: Attainment of SSTLs in the FANG area by the year 2002 and
attainment of Tier 1 groundwater TCLs in all areas of Site SS-15A by 2002.

9-6
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The objective of this alternative is to remove contaminated soils that have
consistently produced COPC concentrations in groundwater in excess of Tier 1 TCLs
and SSTLs. The areas targeted for soil removal are at AP26 valve box 1 and the
northwestern end of AP27. The specific objective of this limited excavation would be
to remove soils that contain PAHs (including benzo(a)pyrene) at levels that are high
enough to generate long-term groundwater contamination above the site-specific
cleanup criteria. Excavation would immediately remove the source of contamination
and could decrease the timeframe to attain Tier 1 groundwater TCLs from decades to
less than 3 years. Once the source of long-term leaching is removed, any dissolved

PAHSs should degrade rapidly.

At each hot spot, approximately 250 cubic yards of unsaturated and saturated soil
would be removed to a depth of approximately 8 feet bgs. The exact depth of
excavation would be based on field observations of petroleum staining or product
sheen. To accomplish this excavation at each hot spot, a 30-foot by 30-foot area of
existing pavement would be saw cut, removed, and disposed of as construction rubble
(Figure 9.1). A small excavator would remove all of the visibly contaminated soil and
place it on plastic sheeting near the excavation. Soils would be allowed to drain, and
would be sampled and transported to a local stationary thermal treatment facility which

accepts petroleum-contaminated soils.

During excavation, a portable dewatering pump would be used to remove
contaminated water from the pit. Rather than immediately backfilling the pit,
groundwater would be allowed to flow into the pit for approximately 2 weeks and
would be removed by the dewatering pump. Assuming a 20-gallon-per-minute (gpm)
pumping rate and 8 hours of operation per day, approximately 150,000 gallons of
groundwater could be removed from the vicinity of each hot spot. This equates to
approximately ten pore volumes of water that would be removed from the excavation

area. This intensive pumping should significantly enhance the removal of dissolved

9-7

022/731298/14.DOC




‘MW—107

@MW-105 ESTIMATED MINIMUM
EXCAVATION AREA
FORMER VALVE BOX 1 (REMOVED)
_1//
L
{@luv-78
I
[@]Mw-739
l@uw—eo.
| Pt
I 0 30 60
l FEET
lo
N\ ANNNN ANNNNNNNNNNN
AP—27 BUILDING 877, FLORIDA ANG
@ Mw-112
. 1 @MW-104
ESTIMATED MINIMUM
EXCAVATION AREA
FOR FLONDA AR
NATIONAL GUARD MW—!HVALVE BOX 1
e Py 75 gMH-78 [@uw-13 g w115
l§]uw—77
|
|
| »
| e
o |
< | 0 30 60
¥ I
. FEET
© AP-26
~
S
E LEGEND : FIGURE 9.1
3- ® SHALLOW MONITORING WELL
3 PROPOSED MINIMUM
5 @ LONG—TERM MONITORING WELL EXCAVAT'ON AREAS
s : AP26 AND AP27
g APRON LINE RE/DEFUELING .
0 VALVE BOX AN ABAN%ONED. Risk-Based Approach to Remediation
g ! UNDERGROUND FUEL UNE Site SS-15A
‘ rd Homestead AFB, Florida
z
3 PARSONS
o ENGINEERING SCIENCE,INC.
g Denver, Colorado

9-8




COPCs and may be sufficient to rapidly reduce these compounds to Tier 1 cleanup

criteria.

Recovered groundwater would be treated using skid-mounted carbon cannisters with
an aeration pretreatment unit to oxidize and remove ferrous iron and prevent carbon
fouling. Treated groundwater would be discharged directly to the sanitary sewer.
Following 2 weeks of dewatering, the pit would be backfilled, compacted, and then
resurfaced with asphalt. A 4-inch-diameter monitoring well would be installed in the

center of each excavation area to facilitate future source area groundwater sampling.

9.3 REVIEW OF SCREENING AND EVALUATION CRITERIA

The evaluation criteria used to identify appropriate remedial alternatives for soil and
groundwater contamination at Site SS-15A were adapted from those recommended by
USEPA (1988) for selecting remedial actions for Superfund sites [Office of Solid Waste
and Emergency Response (OSWER) Directive 9355.3-01]. These criteria include 1)
anticipated effectiveness in meeting target cleanup criteria, 2) technical and
administrative implementability, and 3) relative cost. An initial screening of remedial
technologies was conducted using the three broad evaluation criteria (Appendix H).

The following sections briefly describe the scope and purpose of each criterion.

9.3.1 Effectiveness

Each remedial approach or remedial alternative (which can be a combination of
remedial technologies) was evaluated to determine how effectively it can attain the
desired degree of cleanup. Remedial approaches that could not cost-effectively attain
the desired level of remediation were eliminated from further consideration. The
candidate alternatives were designed to attain Tier 1 groundwater TCLs for all of Site
SS-15A and Tier 2 SSTLs for the FANG Area. Section 7 provides the rationale for and
development of the SSTLs for the FANG Area, given the current and planned future

land uses and the potential for receptor exposures to site-related contamination.
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Remedial options retained for detailed evaluation are compared in terms of the
expected effectiveness of each option to attain the desired degree of risk reduction at
Site SS-15A, based on site-specific data supplemented with treatability test data
collected at the site. The ability to minimize potentially adverse impacts on
surrounding facilities and operations and other environmental resources is considered.
Time to implementation and time until protection is achieved are described. Potentially
adverse impacts that could be realized during implementation, the cost of necessary
mitigation measures, and the potential for residual risks remaining following remedial
action also are qualitatively considered. Long-term reliability for providing continued
protection, including an assessment of potential for failure of the technology and the

potential threats resulting from such a failure, also is evaluated.

9.3.2 Implementability

The technical feasibility, applicability, and reliability of each remedial approach
were initially used as broad criteria to narrow the list of potentially applicable remedial
approaches for the site. Technologies retained for detailed evaluation were evaluated in
terms of engineering implementation, reliability, constructability, and technical/
logistical feasibility. Potential effects due to unanticipated site conditions or significant
changes in site conditions were considered. The ability to monitor performance and
public perception are discussed. Any prohibition of onsite activities that would be

required to ensure successful implementation is described.

9.3.3 Cost

Relative cost of various remedial technologies was used as an initial screening tool
(Appendix H). More detailed cost estimates were prepared for each remedial
alternative developed for comparative analysis. The cost includes operation and
maintenance costs over the time required for implementation. Present-worth cost
estimates were prepared using a 7 percent annual adjustment factor in accordance with
USEPA (1993) guidance.
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9.4 DETAILED EVALUATION OF REMEDIAL ALTERNATIVES

In this section, each of the candidate alternatives is evaluated using the criteria
described in the previous section. Each alternative is more fully described in terms of

its effectiveness, technical and administrative implementability, and cost.

9.4.1 Alternative 1 - Natural Attenuation, Long-Term Monitoring, and Land and
Groundwater Use Controls

9.4.1.1 Effectiveness

Modeling results presented in Section 6 indicate that contaminant concentrations in
soil and groundwater will decrease over time through both destructive and
nondestructive attenuation processes. Natural chemical attenuation processes should be
sufficient to reduce all dissolved COPCs to the Tier 1 TCLs and SSTLs by
approximately year 2024. The assimilative capacity of the saturated media and the site-
specific biodegradation rates will be sufficient to eventually transform fuel hydrocarbon
compounds into carbon dioxide and water and to limit migration of the plume. It
should be noted that the hydrogeology of the site also is responsible for the containment
of the plume at the site. The very low horizontal hydraulic gradient at the site is
preventing contaminants from migrating appreciable distances from the source area

before they are attenuated.

Contaminant mass will slowly partition from residual LNAPL and dissolve into
groundwater. However, the effects of biodegradation should cause the source to
diminish significantly more rapidly than indicated by the batch-flushing model. When
these two source reduction processes (leaching and biodegradation) are combined in the
analytical model for the site, the maximum dissolved benzene and benzo(a)pyrene
concentrations are predicted to decrease below the Tier 1 benzene TCL and the
benzo(a)pyrene TCL within 6 years and 27 years, respectively. The downgradient

migration of the dissolved contamination is predicted to be minimal (less than 50 feet
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from the source area). LTM data would be used to better define contaminant half-lives

and refine estimates for when Tier 1 TCLs would be uniformly attained.

Groundwater use controls are an important component of this alternative. The
current restrictions on site access (Base perimeter fencing and fencing around the
FANG area) provide a measure of protection against unauthorized site access and
groundwater contact. The asphalt and concrete pavement that covers the site also limits
the potential for onsite personnel exposure to contamination.  The present
industrial/uninhabited land use and nonuse of groundwater have effectively interrupted
potential exposure pathways involving soil and groundwater at this site. As a part of
this CAP, the Air Force proposes well permit restrictions to prevent withdrawal of
groundwater from the shallow aquifer for drinking water applications within 500 feet of
Site SS-15A until such time as the groundwater COPCs decrease below applicable Tier
1 criteria. Deed restrictions should also contain language requiring that any intrusive

. excavations below the current asphalt/concrete apron be completed with protective
clothing and air monitoring in accordance with Occupational Safety and Health
Administration (OSHA) standards. In general, excavation in the area of contaminated
shallow groundwater also should be limited to prevent excessive incidental contact with
contamination. These institutional controls should be a component of any future land
use change or property exchange until such time as unrestricted Tier 1 TCLs have been
achieved. This strategy will not interfere with the current or intended use of the site
and affected physical media. In the unlikely event that the site is rezoned for
unrestricted residential use within the next 27 years, groundwater use restrictions must
be kept in place and enforced until such time as COPCs have been reduced to

concentrations equal to or below unrestricted use (Tier 1) TCLs at every point.

Long-term groundwater monitoring is recommended under Alternative 1 as a method
of measuring the effectiveness of natural chemical attenuation. The groundwater
. monitoring network would consist of existing and proposed groundwater monitoring
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wells that would be sampled biennially for all COPCs. A sufficient historical
groundwater quality database exists to demonstrate that the dissolved contaminant
concentrations are not increasing, and hydrogeologic information and fate and transport
modeling results indicate that plume migration will be minimal. Therefore, more
frequent sampling is not required to monitor temporal changes in plume magnitude and
extent. Sampling details are presented in the LTM plan presented in Section 10. Once
Tier I TCLs are attained, 2 years of annual verification sampling is proposed to verify
no adverse change in plume conditions before requesting regulatory approval for a Tier

2 closure (NFA with conditions).

For the purpose of cost estimation, groundwater sampling at AP26 and AP27 was
assumed to occur biennially (every other year) for the first 27 years (i.e., from 1997 to
2024) and every year for the next 2 years (i.e., until 2026) to verify attainment of Tier
1 TCLs for all targeted analytes before requesting approval for a NFA with conditions
site closure. Sampling of selected additional wells at other apron lines also was
assumed to occur biennially to monitor reduction of COPC concentrations over time

across the site.

A complete LTM plan is provided in Section 10 to assist the Base in implementing
long-term groundwater monitoring. Parsons ES has been retained to complete the first
year of groundwater monitoring at Site SS-15A. Data from each sampling event should
be compared to model predictions to ensure that natural attenuation is preventing the
contaminant plume from spreading further than was predicted by the model. In the
event that remediation is not progressing as expected and/or the dissolved plume is
migrating further or faster than expected, the following contingency actions are

recommended:

« Resample selected monitoring wells to confirm initial results;
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« Evaluate the results of the most recent groundwater sampling event to determine
if there is a trend indicating more rapid contaminant migration due to a lack of

natural attenuation or misinterpretation of site hydrogeology;

« Determine if the levels of groundwater contamination present an unacceptable risk
to potential receptors given actual site and downgradient land use at the time of

sampling (i.e., are exposure pathways complete?); and

« If a significant risk exists, reevaluate more active methods of remediation and
implement the most effective risk-reduction method (e.g., the active remediation

methods described for Alternatives 2 or 3).

9.4.1.2 Technical and Administrative Implementability

Alternative 1 is technically simple and easy to implement. Several existing wells are
far enough downgradient to serve as sentry wells. Long-term groundwater sampling is

a standard procedure involving minimal worker exposure to contaminated media.

Administrative implementation of this alternative would require that the Air Force
clearly communicate plans regarding the future use of the Base and specifically Site SS-
15A to the public, FDEP, and DERM. Any proposed change in land use that differs
from industrial use, or any proposed groundwater pumping within 1,000 feet of the
leading edge of the current contaminated areas, should be carefully evaluated. The
existing access restrictions also should be maintained to prevent unauthorized access.
Deed restrictions should also contain language requiring that any intrusive excavations
below the current asphalt/concrete apron be completed with protective clothing and air
monitoring in accordance with Occupational Safety and Health Administration (OSHA)
standards. Any future construction or maintenance activities in this area should be
planned to minimize excavations which extend into the groundwater until conservative
Tier 1 TCLs have been achieved. Steps should be taken to protect the network of LTM
wells. Wells should remain locked and protected against tampering or vandalism.
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Public perception of Alternative 1 could be somewhat negative. This alternative
should be adequately protective of human and ecological receptors if current
institutional controls are maintained after land transfers. Although no unacceptable risk
exists at this site, contaminant concentrations that exceed Tier 1 TCLs for groundwater
would potentially persist onsite for a lengthy period of time. It is-anticipated that public
reaction to allowing contaminants in excess of Tier 1 TCLs to persist onsite with
minimal engineered remediation may not be positive. To counteract potentially
negative public opinion, public education would be a prominent part of this alternative
and would focus on the site-specific risk analysis and cost savings. Human risk can be
mitigated through institutional controls, and COPC reductions that are compatible with
existing and future land uses would be achieved at minimum taxpayer expense. Routine
LTM would provide verification of natural attenuation and ensure that site conditions

do not change adversely over time.

9.4.1.3 Cost

The costs associated with Alternative 1 are presented in Table 9.1. Detailed cost
calculations are presented in Appendix H. Annual or periodic costs would include
groundwater monitoring and site management (to be provided by the Air Force and/or
the property lessee), which would include evaluation of annual monitoring data,
continued liaison with FDEP, DERM, and the public, and participation in future land
use planning. Based on the conservative assumption that 27 years of natural chemical
attenuation with 14 biennial LTM sampling events at AP26 and AP27 (i.e., 1998 to
2024, every other year) followed by 2 years of verification sampling would be required
to achieve Tier 1 TCLs, the present-worth cost of Alternative 1 is estimated to be
$184,913. The cost also includes 10 years of biennial monitoring of selected wells at

other apron lines.
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TABLE 9.1

COST ESTIMATE FOR CORRECTIVE ACTION ALTERNATIVE 1
RISK-BASED APPROACH TO REMEDIATION

SITE SS-15A
HOMESTEAD ARB, FLORIDA

Implementation Tasks Present Worth Cost”
Groundwater sampling at 7 locations at AP26 and AP27 $81,764

(Bienially for 27 years, then annually for 2 years)
Groundwater sampling at 5 locations at other apron lines $29,483

(Bienially for 10 years)
Site Management (29 years) $73,666
Present Worth of Proposed Corrective Action” $184,913

o Sampling costs assume sampling performed by local, Miami-area personnel.
% Based on an annual discount rate of 7 percent.
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9.4.2 Alternative 2 - In Situ Bioventing in Source Area, Natural Attenuation,
Long-Term Monitoring, and Land and Groundwater Use Controls

9.4.2.1 Effectiveness

Bioventing would be implemented as the source area soil remediation technology for
the immediate vicinities of AP26 valve box 1 and the northwestern end of AP27; at
least one Tier 1 TCL for groundwater was exceeded at each of these locations. Based
on the results of the pilot-scale bioventing test already performed at Site SS-15A,
bioventing will efficiently remediate fuel-related contamination in unsaturated soils and
reduce the overall mass of COPCs entering the groundwater. During periods of low
groundwater elevation, LNAPL smeared in the soil will be more available for air
(oxygen) contact and enhanced biodegradation. As with remedial Alternative 1, natural
chemical attenuation would be the only remedial approach prescribed for dissolved

contamination in groundwater at Site SS-15A under this alternative.

The anticipated impact of bioventing on reducing contaminant loading to
groundwater from contaminated soils was incorporated into the analytical BIOSCREEN
model by decreasing the benzene and benzo(a)pyrene source half-lives relative to the
half-lives used in the Alternative 1 simulations. The half-lives used to simulate the
effects of Alternative 2 are compared to those used for Alternative 1 in Table 9.2. For
benzene, the estimated half-life due to flushing (leaching) of benzene from the aquifer
matrix was combined with half-lives associated with aerobic and anaerobic
biodegradation of this compound. It was assumed that aerobic and anaerobic conditions
would each prevail for 6 months per year during bioventing system operation. For
benzo(a)pyrene, the anaerobic and aerobic decay rates were estimated based on
information provided by Howard (1991). The flushing rate was assumed to be

negligible due to the relative insolubility of this compound.

The analytical model predicts that, if bioventing is implemented, dissolved

benzo(a)pyrene concentrations would decrease below 0.2 pg/L (the Tier 1 TCL and
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TABLE 9.2

SIMULATED SOURCE DECAY RATES FOR BIOSCREEN MODELING
RISK-BASED APPROACH TO REMEDIATION

SITE SS-15A
HOMESTEAD ARB, FLORIDA

Benzo(a)Pyrene

Benzene

Rate Half-Life
(day™)  (years)

Rate Half-Life
(day™)  (years)

Remedial Alternative 1

Flushing Rate®
Anaerobic Decay Rate”

Remedial Alternative 2
Flushing Rate”
Anaerobic Decay Rate
Aerobic Decay Rate”

0.00033 5.8
0.0025 0.8
0.00033 5.8
0.0012 1.6
0.0041 0.5

negligible -
0.00033 5.8

negligible -
0.00033 5.8
0.0013 1.45

¥ From batch flushing model described in Section 6.6.1.
® For benzene, the rate is the average solute decay rate derived from site-specific
data; for benzo(a)pyrene, the rate is from Howard (1991).

 Rate is equivalent to one-half the average anaerobic decay rate used in Alternative 1.
The anaerobic rate was halved because it was assumed that the bioventing system

would only be effective 6 months per year, and the anaerobic conditions would prevail the

remaining 6 months.
% Benzene rate is based on the assumption that 90% of the benzene is degraded after

two years of bioventing system operation. Benzo(a)pyrene rate is from Howard (1991).

decaysum.xls
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Tier 2 SSTL) within 7 years, compared to 27 years for Remedial Alternative 1 (Figure
9.2). The predicted migration distance of benzo(a)pyrene from the source area is
negligible due to the extremely high retardation coefficient computed for this
compound. - Conversely, the model predicts that bioventing would not significantly
decrease the time required for the maximum dissolved benzene concentration to
decrease below the Tier 1 TCL of 1 pg/L (the projected time frame is 5 years,
compared with 6 years for Alternative 1. This is because the limiting factor for
benzene is the solute decay rate and not the source decay rate. Although the benzene
source decay rate is more rapid in Alternative 2, the model predicts that dissolved
benzene concentrations that have migrated downgradient from the source area will
degrade at the same rate as in Alternative 1, and the decrease in these dissolved
concentrations (controlled by the solute decay rate) will control the time required to
achieve the Tier 1 TCL. The total volume of groundwater that could be impacted by
the releases at Site SS-15A would not be significantly different under this alternative
than would be expected if no engineered source reduction activities were conducted at

this site.

The groundwater use controls for this alternative would be identical to those
described for Alternative 1. The installation and operation of the bioventing system
would require additional site access. The long-term groundwater monitoring proposed
for Alternative 2 would be identical to Alternative 1. The bioventing system would
require system maintenance checks every other week and annual respiration and oxygen
influence testing to ensure proper operation and monitor remediation. Bioventing

systems are relatively simple and require minimal maintenance during their operation.

9.4.2.2 Technical and Administrative Implementability

Implementation of bioventing would require the conversion of one existing
groundwater monitoring well at each of the AP26 and AP27 source areas to air
injection VWs. The VWSs would be manifolded using underground air lines to a blower
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system located along the edge of the apron. The groundwater monitoring well
conversions and installation of the bioventing system would not be technically difficult
and would utilize standard construction techniques. One blower would be installed
between AP26 and AP27 to supply approximately 5 standard cubic feet per minute
(scfm) of air to each VW. Electrical service would.be’ brought to the blower system
from a source alongside the apron area. Electrical conductors likely would be buried to
avoid interference with vehicular traffic and avoid the use of power poles which could

possibly violate future height restrictions for the flightline area.

The general reliability and maintainability of bioventing systems is high. The
bearings on the blower motor are sealed and do not require lubrication. In-line air
filters and automatic pressure relief valves provide protection for the air injection
blower. Filters generally require replacement after every 90 to 180 days of operation.
It is estimated that the bioventing system for the AP26 and AP27 areas would operate

for a maximum of 7 years to achieve Tier 1 TCLs for groundwater at all apron lines.

Administrative implementation of this alternative would be similar to that described
for Alternative 1, and would require that Homestead AFB personnel communicate with
the public and FDEP regarding the future use of the site (i.e., continued industrial use).
Appropriate land use deed restrictions must be enforced to prevent unnecessary
exposure of humans to contaminated soil and groundwater. Access to the site should
continue to be restricted by the Base and FANG perimeter fences. Any future site
development plans should protect the bioventing system, the VWs associated with the
system, and the underground pipe manifolds and electrical utilities. Wells and the

blower system enclosure should remain locked and protected against damage.

The public perception of Alternative 2 would be expected to be more positive than
that of Alternative 1. This alternative could reduce all COPC concentrations to below
Tier 1 TCLs and SSTLs relatively rapidly. Bioventing is expected to expedite the

attenuation of dissolved contamination downgradient from the source area because less
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contaminant mass will be added to groundwater over time. The primary advantage of
Alternative 2 is that it would expedite attainment of both the Tier 1 groundwater TCLs
and SSTLs at AP26 and AP27. LTM would verify the effectiveness of the
implemented remedy, better define the time required for bioventing system operation,

and ensure that site conditions do not change adversely over time.

9.4.2.3 Cost

The costs associated with Alternative 2 are presented in Table 9.3. Detailed cost
calculations are presented in Appendix H. Annual or periodic costs would include
operation and maintenance of the bioventing system for 7 years, groundwater
monitoring, and site management (to be provided by the Air Force and/or the property
lessee), which would include evaluation of annual monitoring data, continued liaison
with FDEP, DERM, and the public, and participation in future land use planning.
Based on the assumption that 7 years of natural chemical attenuation with 7 annual
LTM sampling events (i.e., 1998 to 2004) followed by 2 years of annual verification
sampling would be required to confirm attainment of Tier 1 TCLs and SSTLs, the
present-worth cost of Alternative 2 is estimated to be $271,927.

9.4.3 Alternative 3 - Source Area Soil Excavation, Short-Term Groundwater
Extraction/Treatment, Natural Attenuation, Long-Term Monitoring, and
Land and Groundwater Use Controls

9.4.3.1 Effectiveness

This alternative is identical to Alternative 1, with the addition of soil “hotspot”
excavation and limited groundwater extraction in the source areas. The effectiveness of
natural attenuation, institutional controls, and LTM is as described in Section 9.3.1.
Groundwater extraction and treatment is an established technology for reducing source
contamination and controlling plume migration. The goal of soil and groundwater
extraction would be to aggressively target the removal of COPCs so that both the Tier 1
TCLs and SSTLs would be achieved more rapidly.
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TABLE 9.3

COST ESTIMATE FOR CORRECTIVE ACTION ALTERNATIVE 2
RISK-BASED APPROACH TO REMEDIATION

SITE SS-15A
HOMESTEAD ARB, FLORIDA

Implementation Tasks Present Worth Cost”
Groundwater sampling at 7 locations at AP26 and AP27 $73,133

(Annually for 9 years)
Groundwater sampling at 5 locations at other apron lines $29,483

(Bienially for 10 years)
Bioventing system installation (1998) $60,148
Bioventing system O&M (7 years) $57,617
Confirmation soil sampling and final reporting (2005) $12,455
Site Management (9 years) $39,091
Present Worth of Proposed Corrective Action” $271,927

¥ Sampling costs assume sampling performed by local, Miami-area personnel.
% Based on an annual discount rate of 7 percent.
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The BIOSCREEN model was not used to simulate the effectiveness of this remedial
alternative because simulation of nearly instantaneous removal of the benzo(a)pyrene
source mass causes the model to predict that dissolved benzo(a)pyrene concentrations
also will be removed instantaneously. In addition, BIOSCREEN does not have the
ability to simulate extraction of groundwater and dissolved contaminants via pumping
wells. However, it can reasonably be assumed that implementation of this alternative
would decrease COPC concentrations in soil and groundwater to below Tier 1 TCLs
relatively rapidly compared to Alternatives 1 and 2. Limited “hot spot” excavation
would immediately remove the source of contamination and achieve Tier 1 soil TCLs
and soil SSTLs. The influx of clean groundwater resulting from pumping would
accelerate the partitioning of COPCs from saturated soils. Once the source of long-
term leaching is removed, any dissolved COPCs that are not removed by pumping
should degrade rapidly. Therefore, these actions could potentially decrease the time
frame required to attain Tier 1 groundwater TCLs and SSTLs from a maximum of 7

years for Alternative 2 to less than 3 years.

There is a greater risk of exposure to fuel hydrocarbons to remediation workers
during excavation of the contaminated soils. Therefore, this alternative would require
enforcement of health and safety plans to reduce short-term risks from exposure to

contaminated soils and shallow groundwater.

Extracted groundwater would likely require treatment prior to discharge. Activated
carbon treatment is a standard process that should adequately remove dissolved
contaminants and allow discharge of the treated water into the sanitary sewer.
Alternative 3 should provide reliable, continuous protection with little risk from
temporary system failures. However, this remedial alternative will result in the
generation of wastes (pavement, soil, and groundwater) that will require transportation

and treatment and/or disposal. This alternative does not comply with program goals to
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the extent that the other two alternatives do due to the generation of an estimated 500

cubic yards of soil requiring off-Base treatment.

9.4.3.2 Implementability

The implementability considerations described for Alternative 1 in Section 9.3.1.2
also would be applicable to Alternative 3. Soil excavation and installing and operating
a groundwater extraction system to reduce source area dissolved COPC concentrations
in groundwater could present additional implementability concerns due to the short-
term need for increased infrastructure and activity on the flightline apron.
Groundwater extraction pumps and carbon canisters are readily available, and the
technology used to construct the system is proven and reliable. Discharge of treated
water to the Base sanitary sewer system should not present significant implementability
problems. Off-Base thermal treatment facilities exist, and transportation of excavated
soils to one of these facilities can be readily accomplished. The technical and
administrative implementability concerns associated with the natural attenuation and
LTM component of this remedial alternative are similar to those discussed for
Alternative 1 (Section 6.4.1.2). Operation of a groundwater extraction and treatment
system would require a significant commitment of man-hours and other resources to

monitor the system during the projected 30-day operational period.

9.4.3.3 Cost

The estimated capital and operating costs of Alternative 3 are shown in Table 9.4.
The total present worth cost of Alternative 3 is $195,654. The cost of Alternative 3 is
increased from the costs of Alternative 1 by the addition of soil excavation, transport,
and treatment and groundwater extraction and treatment. It is assumed that the
groundwater extraction and treatment system would operate for 2 weeks at each
excavation area. LTM would continue for at least 2 years after system shutdown to

ensure that natural attenuation is reducing remaining COPC concentrations below
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TABLE 9.4
. COST ESTIMATE FOR CORRECTIVE ACTION ALTERNATIVE 3
RISK-BASED APPROACH TO REMEDIATION

SITE SS-15A
HOMESTEAD ARB, FLORIDA

Implementation Tasks Present Worth Cost”
Groundwater sampling at 7 locations at AP26 and AP27 $53,504

(Annually for 5 years)
Groundwater sampling at 5 locations at other apron lines $34,111

(Bienially for 10 years)
Soil Excavation and Treatment (1998) $46,790
Groundwater Extraction and Treatment (1998) $32,650
Site Management (6 years) $28,599
Present Worth of Proposed Corrective Action” $195,654

¥ Sampling costs assume sampling performed by local, Miami-area personnel.
® Based on an annual discount rate of 7 percent.
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cleanup criteria throughout the site and to verify that excessive contamination does not

migrate off-site.
9.5 RECOMMENDED ALTERNATIVE

Alternative 3 (Source Area Soil Excavation, Short-Term Groundwater Extraction/
Treatment, Natural Attenuation, Long-Term Monitoring, and Land and Groundwater
Use Controls is recommended for remediation of Site SS-15A based on its expected
effectiveness in attaining Tier 1 TCLs and SSTLs developed for the FANG Area, its
relative simplicity with respect to technical and administrative implementation, and its
relatively low overall cost. Table 9.5 provides a summary of the evaluation process for

each alternative.

Implementation of soil excavation and short-term groundwater extraction in the
AP26 and AP27 source areas would substantially reduce or eliminate the total mass of
contaminants that could be introduced into the groundwater over time in these areas.
The influx of clean groundwater resulting from pumping would accelerate the
partitioning of COPCs from saturated soils. Once the source of long-term leaching is
removed, any dissolved COPCs that are not removed by pumping should degrade
rapidly. It is likely that significant concentrations of benzo(a)pyrene in groundwater
are limited to the immediate vicinities of the AP26 and AP27 source areas. Therefore,
the proposed excavation and pumping should effectively remove a high percentage of

benzo(a)pyrene mass from the subsurface.

Groundwater monitoring will be used to verify the effectiveness of Alternative 3 at
reducing COPC concentrations in groundwater and to assure that COPCs do not
migrate beyond the area under reliable exposure controls. The short-term nature of the
soil excavation and groundwater extraction indicates that implementation of this

alternative should not affect future land use or operations.
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Although Alternative 1 (natural attenuation with monitoring and institutional
controls) also would be protective of human health and would result in reduction of
COPC concentrations in groundwater, this alternative is not recommended due to the
potentially long timeframe (up to 27 years) required to attain the Tier 1 TCL and SSTL
for benzo(a)pyrene in groundwater. In addition, the projected cost of Alternative 1 is

very similar to that of Alternative 3.

BIOSCREEN model simulations indicate that, similar to Alternative 3,
implementation of Alternative 2 (Alternative 1 plus in situ bioventing of source areas
soils) also would result in rapid attainment of Tier 1 TCLs and SSTLs relative to
Alternative 1. However, the projected cost of this alternative is substantially higher
than that of Alternative 3, and the projected time to SSTL attainment is approximately
double that of Alternative 3. Therefore, implementation of this alternative is not

recommended.

On the basis of this evaluation, Alternative 3 provides the best combination of risk
reduction and low cost without imposing additional land use restrictions. If, however,
the temporary disruption of the site that would result from implementation of
Alternative 3 is not acceptable, then Alternative 1 should be considered as a
contingency. Section 10 provides additional details on the recommended

implementation of this alternative.
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SECTION 10

IMPLEMENTATION OF THE RECOMMENDED RISK-BASED
CORRECTIVE ACTIONS

This section provides an implementation plan for the recommended risk-based
corrective action for Site SS-15A (i.e., Alternative 3: source area soil excavation and
short-term groundwater extraction in FANG Area, RNA with LTM and institutional
controls in other areas with Tier 1 exceedences). This section presents the scope,

schedule, and costs for the implementation of the selected remedial alternative.

10.1 SCOPE OF REMEDIAL ACTIVITIES

The recommended remedial action alternative will be implemented over an estimated
5-year period to ensure that contamination in groundwater at Site SS-15A is reduced
sufficiently to attain and maintain the Tier 1 groundwater TCLs presented in Section 5
and SSTLs presented in Section 7. Once groundwater is reduced below Tier 1 TCLs,
institutional controls on excavation can be reviewed to determine if they are still
required. The following sequence of events is proposed to fully implement this

remedial action.

10.1.1 Review and Approval of Corrective Action Plan

Approval of the draft final CAP is within the authority of Homestead AFB, FDEP,
DERM, and AFCEE personnel. This group of environmental professionals has been
briefed on the CAP contents by Parsons ES and the Air Force and completed a review
of the draft final CAP. Their comments have been incorporated into this final CAP.
This document will be distributed to each of the above organizations for final approval
of the CAP. Following final approval, the Air Force intends to proceed with a design
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of the proposed excavation and dewatering and implement the corrective actions

described in this section.

10.1.2 Institutional Land and Groundwater Use Controls

An important element of the recommended corrective action at Site SS-15A is land
and groundwater use controls. Figure 10.1 illustrates three areas of Site SS-15A which
require separate consideration when applying institutional controls. The first area
encompasses apron fuel lines AP-4 through AP-9. Soil and groundwater sampling in
this area has not revealed any Tier 1 exceedences. This area can be transferred with
minimal institutional controls which state that the land will be used for general
industrial use and any excavation will proceed following routine OSHA excavation

standards.

The second area consists of apron lines AP-10 through AP-25 and the southern
portions of AP-26 through AP-29. Soil and groundwater sampling in this area has
revealed minor Tier 1 exceedences, primarily low levels of BTEX, and PAH
compounds which may be associated with the asphalt cap. This area can be transferred
from Air Force control with the following institutional controls recommended for the

deed or other legal documents:
1. Land use will remain industrial/commercial;

2. Any excavation or removal of asphalt paving will be completed by workers
who are wearing protective clothing and gloves in accordance with OSHA
Level D requirements. Air monitoring will be conducted to ensure that no

hazardous vapors are encountered (they are not expected, this is a precaution);

3. Prolonged contact with groundwater should be avoided until groundwater

monitoring indicates that Tier 1 TCLs have been attained in the area.
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The third area consists of the active FANG area. Soil and groundwater sampling in
this area has revealed consistent Tier 1 and SSTL exceedences. Excavation and short-
term groundwater extraction have been recommended for two “hot spots” within the
FANG area. This remedial action will ensure that future intrusive workers in this area
are not exposed to contaminants at levels above protective SSTLs. The remedial
actions are expected to also reduce contaminants below Tier 1 TCLs. Until such time
as LTM verifies that Tier 1 TCLs have been achieved, institutional controls (1-3 above)
should also be enforced for the FANG area. It is recommended that access to the site
continue to be restricted. This action will prohibit unauthorized site access and

unplanned ground disturbance.

The site cleanup objectives also are based on the assumption that future land use will
not require extraction of shallow site groundwater for potable uses. Any future lease or
new use of this property (or surrounding property) should stipulate that shallow
groundwater will not be extracted within 500 feet of the site until COPC concentrations

have been reduced below applicable concentrations.

10.1.3 Implementation of Long-Term Groundwater Monitoring

Section 10.2 of this CAP provides a complete LTM plan for Site SS-15A. Long-
term groundwater monitoring is being proposed to verify that engineered source
reduction technologies and natural chemical attenuation processes are sufficient to
achieve the desired degree of remediation (i.e., to protect potential receptors). Careful
implementation of the LTM plan is a key component of this CAP. The proposed
remedial alternative for this site calls for groundwater sampling on an annual basis until
Tier 1 groundwater TCLs are attained at every sampling location. Additionally, 2
years of verification sampling will be performed after TCLs are attained to confirm that
dissolved contaminant concentrations are continuing to diminish. Wells will be purged
in accordance with the SAP presented in Appendix F, and then sampled for

groundwater COPCs and geochemical indicators of biodegradation.
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Groundwater monitoring is recommended to begin in 1998 upon approval of the
final CAP. Annual sampling is considered appropriate to monitor the relatively rapid
reductions in groundwater contaminant concentrations that are expected to occur
following excavation and groundwater extraction. Results of each groundwater
sampling event should be provided to Homestead AFB, FDEP, DERM, and AFCEE to
update all parties involved on remediation progress and to prévide new information for

pending land use decisions, as necessary.

10.1.4 Soil Excavation and Groundwater Extraction

As discussed in Section 9.1.3, an estimated 250 cubic yards of contaminated soil will
be removed from each of the AP26 and AP27 source areas as part of the
implementation of this alternative. Excavation of soils will be performed with a
backhoe. It is anticipated that the excavations will be approximately 30 feet wide by 30
feet long by 8 feet deep. The actual extents of the two excavations will be determined
in the field based on field headspace screening of grab samples collected from the sides
and bottoms of the excavations. Confirmation soil samples will be submitted to a fixed-
base laboratory for analysis of COPCs. A dewatering pump will be used as needed to
remove groundwater that enters the excavation. Excavation will continue until all
apparent contamination has been removed. Excavated soils will be placed on plastic
sheeting on the flightline apron and allowed to drain, then transported to an off-Base
thermal treatment facility for disposal. After soil removal, the dewatering system will
continue to be operated for an estimated 2 weeks, 8 hours per day to remove dissolved
COPCs. Extracted water will be treated in an aeration pretreatment unit followed by
activated carbon filtration, and then discharged to the sanitary sewer. Samples of the
extracted water will be analyzed at a fixed-base laboratory to confirm that COPC

concentrations have been adequately reduced by the pumping.
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10.2 LONG-TERM MONITORING PLAN

The purpose of the LTM plan is to confirm the effectiveness of proposed engineered
remediation and natural processes at achieving the desired level of risk reduction in a
feasonable time frame. As part of this monitoring and compliance plan, contaminant
behavior in groundwater will be monitored to verify that the proposed corrective action
is sufficient to protect groundwater underlying the source area at Site SS-15A and to
prevent significant downgradient migration. In the event that data collected under this
program indicate that the selected alternative is insufficient to maintain plume stability
and eventually achieve Tier 1 groundwater TCLs at Site SS-15A, contingency actions to

augment the effects of the proposed corrective action will be evaluated.

10.2.1 Groundwater Monitoring

A total of seven wells will be sampled annually to monitor the fate and transport of
COPCs in groundwater at AP26 and AP27 over time. The purpose of the monitoring
events is to confirm that engineered remediation and natural chemical attenuation
processes are reducing COPC concentrations and limiting mobility. These wells are
located within and near the AP26 and AP27 source areas to ensure that implemented
remedial actions and natural chemical attenuation processes are sufficient to eventually
attain SSTLs and Tier 1 TCLs, and to minimize COPC transport in groundwater. The
locations of all wells to be used for LTM at AP26 and AP27 are illustrated on Figure
10.2.

Source area wells AP26-MW75 and AP27-MW78 will be destroyed during the soil
excavations. However, replacement wells will be installed in the excavation areas, and
will serve as source area groundwater monitoring stations over time. In addition, wells
AP26-MW113, AP26-MW77, and AP26-MW116 will act as sentry wells at AP26, and
will be sampled to confirm that excessive migration of dissolved COPCs is not
occurring. Wells AP27-MW79 and AP27-MW80 will act as sentry wells at AP27. If
enlargement of the excavation areas necessitates the destruction of wells AP26-MW77
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and AP27-MWS80, then two new sentry wells should be installed near the fuel pipelines

approximately 50 feet southeast of the source areas.

Biennial (every other year) sampling of seven additional wells scattered across Site
SS-15A also is recommended to monitor témporal reductions in dissolved COPC
concentrations over time. Dissolved COPC concentrations in these wells slightly
exceed Tier 1 TCLs, which represent the long-term cleanup goals for the site. This
monitoring will allow assessment of how rapidly natural physical and chemical
attenuation processes are reducing dissolved COPC concentrations to below Tier 1
TCLs. The wells proposed for sampling include AP23-MW67 (elevated MTBE and
naphthalene concentrations), AP16-MW39 and AP12-MW24 (elevated benzene
concentrations), AP11-MW14 (elevated ethylbenzene, naphthalene, and TRPH
concentrations, AP15-MW37 and AP17-MW40 (elevated benzene and vinyl chloride),

and AP10-MW?9 (elevated benzene and ethylbenzene concentrations).

The seven source area and sentry wells at AP26 and AP27 will be monitored for
parameters listed in Table 10.1. Historical groundwater quality data, together with the
aggressive removal of soil and contaminated groundwater, indicate that it is unlikely
that site-related COPCs in excess of even the most stringent Tier 1 TCLS ever will be
measured at the sentry wells. The detection of COPC contamination at concentrations
exceeding Tier 1 criteria in any of the sentry wells will trigger the need to evaluate
contingency actions. These actions could include resampling of sentry wells to confirm
the presence of contaminants in excess of the Tier 1 target concentrations, and/or

installing new sentry wells further downgradient from the source areas.

In addition to the geochemical parameters listed in Table 10.1, the seven additional
LTM wells at apron lines AP23, AP15, AP16, AP17, AP12, AP11, and AP10 will be
monitored for the constituents that have historically exceeded Tier 1 TCLs. These

constituents are as follows:
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« AP23-MW67 BTEX, MTBE, and PAHs;

« AP17-MW40 BTEX, PAHs, vinyl chloride;
« AP16-MW39 BTEX and PAHs;

« AP15-MW37 BTEX, vinyl chloride;

« AP12-MW24 BTEX and PAHs;

. AP11-MW14 BTEX, PAHs, and TRPH; and
« AP10-MW9  BTEX and PAHs.

Analytical methods for these targeted parameters are identified in Table 10.1.

10.2.2 Sampling Frequency

Each of the groundwater sampling points at AP26 and AP27 will be sampled every
year until all COPC concentrations decrease below SSTLs and Tier 1 TCLs.
Attainment of both Tier 1 TCLs and SSTLs is estimated to occur in within

approximately 3 years (i.e., by the year 2002, assuming that the source area excavation

and pumping activities occur in late 1998). Therefore, three annual sampling events,
beginning in 1999, would be performed. The groundwater sampling points at AP23,
AP17, AP16, AP15, AP12, AP11, and AP10 will be sampled every other year because
temporal changes in dissolved COPC concentrations are not anticipated to be rapid.
Historical data should be reviewed to determine at what time of year maximum
dissolved contaminant concentrations are typically detected at Site SS-15A (e.g., during
high-water periods), and the annual and biennial sampling events should be timed to
coincide with these periods. In the event of a hurricane, the groundwater and nearby
surface water will be monitored within six months following the storm to assess the

impact on this otherwise stable plume.

Sampling results will be evaluated after each event to document reduction of

contaminant concentrations and plume stability. Monitoring of all seven wells in the
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LTM network at AP26 and AP27 will continue until the site has uniformly attained the
Tier 1 TCLs and SSTLs for groundwater. Two years of annual sampling will be
performed following attainment of the Tier 1 TCLs to ensure continuing compliance
with the approved target concentrations (assumed to occur in 2002 and 2003).
Monitoring of the remaining seven LTM wells at other apron lines should continue at

least until contaminant reductions below Tier 1 TCLs have been clearly documented.

10.3 CONTINGENCY PLAN

Should engineered remediation and natural chemical attenuation processes fail to
achieve and maintain cleanup goals and retard plume migration, there should be no
significant impact on the land use plans for the site. No nonindustrial land use has been
proposed for Site SS-15A; for the foreseeable future, Site SS-15A will continue to be
used as a flightline apron. If cleanup goals are not achieved at Site SS-15A,
institutional controls may have to be maintained to ensure that intrusive workers are
protected from prolonged contact with impacted media. Nonetheless, even if Tier 1
TCLs are not met at Site SS-15A in the predicted timeframe, the site will still be

suitable for intrusive activities so long as OSHA requirements are enforced.

Groundwater extraction is not anticipated at the site as long as alternate potable
water supplies exist. In the unlikely event that shallow groundwater from the site must
be extracted for potable uses, and applicable Tier 1 TCLs for groundwater have not yet

been achieved, the following contingency actions are available:

o The results of groundwater sampling will be evaluated to determine if there is a
trend indicating that natural chemical attenuation is not proceeding at the rates

predicted in Section 6.

« If onsite groundwater is to be used as a potable water source before natural
attenuation processes can achieve Tier 1 TCLs, or if shortening of the remedial

timeframe is required, more active methods of remediation will be evaluated.
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These more active methods could include excavation of source area soils and
localized groundwater pumping at other locations across the site, similar to what

is proposed for apron lines AP26 and AP27.

Failure of the proposed soil remediation and ongoing natural chemical attenuation to
achieve risk-based cleanup goals will not impact the current or proposed industrial uses
of Site SS-15A, unless groundwater must be extracted for long-term potable use or the
land use changes to residential. Both of these scenarios are highly unlikely. Because
low groundwater velocity at the site, multidirectional flow, and natural chemical
attenuation processes have been shown to be effective in minimizing migration, no
detectable levels of COPCs are expected to migrate to the Flightline Canal, which

represents the nearest current groundwater discharge point.

10.4 IMPLEMENTATION SCHEDULE

Figure 10.3 is a proposed schedule for implementation of the CAP at Site SS-15A.
The schedule is provided for planning purposes only, and is subject to timely approval

of the CAP by the Air Force and regulators.

10.5 COST OF IMPLEMENTATION

A summary of the estimated present-worth cost of implementing the recommended
remedial alternative is provided in Section 9.3.3.3. Table 10.2 provides a cost
estimate, based on estimated expenditures during the next 5 fiscal years, to assist the
Air Force in budgeting for implementation of the recommended Site SS-15A corrective
actions. The present worth of implementing Alternative 3 is $195,654. It is estimated
that it will take about 3 years to attain Tier 1 TCLs and SSTLs in groundwater under
Alternative 3. Verification of continuing compliance will require an additional 2 years,

for a total projected compliance timeframe of 5 years (i.e., 1998 until 2003).
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TABLE 10.2
ALTERNATIVE 3 IMPLEMENTATION

ESTIMATED COST BY FISCAL YEAR ¢
RISK-BASED APPROACH TO REMEDIATION

SITE SS-15A

HOMESTEAD AFB, FLORIDA
Task FY99 * FY2000 FY2001 FY2002 FY2003
Soil Excavation and Groundwater $79,440
Pumping
Groundwater Sampling in $18,406b/ $12,011 $21,074 $13,752  $24,128
Accordance with LTM Plan
Site Management $6,000 $6,420 $6,869 $7,350 $7,864
FISCAL YEAR TOTALS $103,846 $18,431 $27,943 $21,102 $31,992

a/ Assumes a 7-percent annual inflation rate (USEPA, 1993).
b/ Currently funded under Parsons ES contract with AFCEE.

022/731298/14.DOC
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odar 26 |4 . '
5
10
15
20
25
30
sl - slight v -very f -fine SAMPLE TYPE
tr — trace It -light m - medivm D - DRIVE C  Core recovery
sm - some dk —dark ¢ - coarse C - CORE
& -and bf - buff BH - Borc Hole G - GRAB Core lost
Q@ -a bra - brown - SAA - Samc As Above
w - with bik - black Water level drilled

ENGINEERING-SCIENCE



Sﬁeet [ of (

BORING NO. NP0 SBI CONTRACTOR: Orocsion Dritling DATE SPUD: [o/ga/gg {2cs
CLIENT: A Fcew RIG TYPE: cCME I "~ DATECMPL:!¢/2¢ /¢ ¥
.‘OB NO.:. 23/2)¢§.03%° DRLG METHOD: Split Spewn I ELEVATION:
WWLOCATION: H ARG AP 2o BORINGDIA: 2.5 TEMP.: ~ §S°—
. GEOLOGIST: 3 -Hay DRLG FLUID — WEATHER: ¢ nmo
COMMENTS: f
Elev. |Depthl Pro— | US Samples  {Samplej Penct. Remarks
() |(R)] file | CS Geologic Description No. |Depta ®)| Type | Res. |TIP = Bkgmd/Reading (ppm)
1 (s ((Asp b ]t : ' O/ [$)
Ause £ B
Sardl {tore, V. e o odor
Limesone {4 - Ma‘ grey w3 € -~ ' ;;é g]
5 no oty Lrbe S 2ol 12139
[iwes.. (£ Grey I - g/Q
10
o
20
25
30
sl - slight v - very f -fine SAMPLE TYPE
tr - trace It -light m ~ medium D - DRIVE C  Core recovery
sm —~ some dk - dark ¢ =—coarsc C - CORE
& =-and bf - buff BH - Borec Hole G - GRAB Core lost
Q@ -a brn ~ brown SAA - Same As Above
w =~ with blk - black Water level drilled

ENGINEERING-SCIENCE




CONTRACTOR:  Precisioa Drcllivg

BORING NO. AP}&i SB/

Sheet

r

( of

DATE SPUD:_10/24)¢5 09,4

CLIENT: _PAFcCer __RIG TYPE: cMEIS DATECMPL: |0/34(2Z O IG
OB NO.: 73/ 95.03000 _ DRLGMETHOD: _ psf sel: € spagw ELEVATION:
LOCATION: HARG AP-1k BORING DIA.: 2.5"FD TEMP.: ~ GO~
GEOLOGIST: _ - H-all DRLG FLUID — WEATHER: oy por
COMMENTS:
Elev. |Depth! Pro— | US Samples  |Sample| Penet. Remarks
() | ()] file | CS Geologic Description No. |Dept ()] Type | Res. |TIP = Brgmd/Reading (ppm)
s ; ,
1 ¢ Aspha [t 33 .
Ly -
crushat leme ruck :%3_3% [ /3 pom
Lives tsee & :
2
\
TAA = .
P») : ’6 / ¢
Wi -5 - 7 ol 1/5 ppm ="
SAA  Rlakckm -7 f.Vh(l48 W OToSD
S'A’A' = o stacs e oforr oﬁOﬁﬂM
70=4"!
v -very f -fine SAMPLE TYPE
It —light m - medivm D - DRIVE C  Core recovery
dk -dark ¢ - coarsc C - CORE
bf - buff BH - Bore Hole G- GRAB Corc lost
brn - brown SAA - Same As Above
blk - black Water level drilled

ENGINEERING-SCIENCE




Sheet U of /

; BoRNG NO. A P26 -SR 2 - CONTRACTOR:  Precision Drilling DATE SPUD: /3 4Je 3 10 1N
CLIENT: A Fcer RIG TYPE: (Me 3% DATE CMPLy/g/2 4/ % Joi3c
.JOB NO.: 73,0 ¢5-0 300 DRLG METHOD: Split spoon ELEVATION:
LOCATION: HARR A P-2G _ BORINGDIA: 2.5" TEMP.: S5
GEOLOGIST:  J-Hall DRLG FLUID - WEATHER: Somam -,
COMMENTS: : 7
Elev. [Depth| Pro— | US . Samples  |Sample| Penet. Remarks
() |(®)| file | CS Geologic Description No. |Depth ®| Type | Res. |TIP = Brgmd/Reading (ppm)
1 L fsPHAcT ‘ | o
CVUSM ,‘Mm,k t -~ ;'\ af? (D/D
. L4
Limes e
Le S gr.Star ~ s | o/,
of (lcnestme 81 Gr-STaim (a6 |3-S 21 /0
5 ) oday "S:,m 10, 3O
L..("Qltﬂr& ~Pecur MC@'-&O'—,y A S-f-al“ 89_2 [») /3
o OZ/QOr v l,rg,
SAA c U St S‘{"o.'mz ‘3?' —
. ‘7
10 SAB  wy steis o/o
_——
o -
20
25
30
st - slight v - very f - fine SAMPLE TYPE
tr - trace ft -light m - medium D - DRIVE C  Core recovery
sm - some dk - dark ¢ = coarse C - CORE .
& -and bf - buff BH - Bore Hole G - GRAB Core lost
Q@ -sat brn - brown SAA - Same As Above .
v w - with bik - black Water level drilled
ENGINEERING-SCIENCE



Sheet { of |

pormigNo. P24 -S 8 5" CONTRACTOR:  Précgia~ Drotling DATE SPUD: 3 /24 /43 ta. §O
CLIENT: AFcex RIG TYPE: CHE 3S . DATE CMPLyo/~ 4/6g 1., €8
.JOB No. 73,294 03c0oy _ DRLGMETHOD: _ pS7 /5poun ELEVATION:
LOCATION: (ARG AP-2( BORING DIA.: 2,87 TEMP.: ~ S0 °F
GEOLOGIST: J- Ha ! DRLG FLUID ~ "WEATHER: Sunas,
COMMENTS: :
Elev. |Depth| Pro- | US Samples  |Sample| Penet. Remarks
() | (®)| file | CS Geologic Description No. |Depth ()| Type | Res. |TIP = Bxgmd/Reading (ppm)
1 - -
- P - \
Savt, crushal Jimere ¥ ég Q/D I/J;pm
L wesbie @ ~ 2 347 :
\- SAMD, Linercl | MO’?‘KY palSh R oz gg;fg Wst
- i
5 % 23| o
Isah, bk stecs sl ohor L s 13
53 i -~ S.5° * (0SS
SHA Bt stass wmad, Soel oder
10 SAA - o >'Qa.ﬁ‘, Yeet o:Ju
15
20
25
30
sl - slight v - very f - fine SAMPLE TYPE
tr - trace It -light m - medium D - DRIVE C  Core recovery
sm - some dk - dark ¢ -~ coarse C~CORE
& -and bf - buff BH - Borec Hole G - GRAB Core lost
@ -a brn - brown SAA - Samc As Above :
w - with blk - black Water level drilled

ENGINEERING-SCIENCE




Sheet . f of |

BORING NO. P26 =S RY- -~ CONTRACTOR: Precsion Dectlin DATE SPUD: jo /2.4 f¢ 5 1103
CLIENT: Accer RIG TYPE: CHE b3S DATE CMPL: T
.JOB NO.: 73)29&. O 5o/ DRLGMETHOD:  _ Drive. ~Solc¥gpemy ELEVATION:
LOCATION: [+AR& - AP-2C BORING DIA.: . ' TEMP.: ~Soi=
GEOLOGIST: . {3} DRLG FLUID T — WEATHER:  Sonao
COMMENTS:
Elev. |Depth| Pro~ | US Samples  |Sample| Penct. Remarks
() | ()] file | CS Geologic Description No. |Depth ®)| Type | Res. |TIP = Brgmd/Reading (ppm)
1 lgsp | 4 B Ca “ - '
Condd Livewck Sommonty [Forer | ol pom
T =4 T 77
[y or/oelr ,
i wewet qre/bll sben SE ot | - O 11 ppm
M i ) («bh 3\ R o i
5 1 - S~G (S
: <SAd st b ] oo o/ 4O prs
L 5 |7 BT ok |1 2¢
7-9
Ro yepue oy
10 Liwemek , [t arey , wo Stwia
| »u exds e 6 " ecquen,
—— — ! - 4
10=9 ¢4 224
15
20
25
30
sl - slight v -—very f - fine SAMPLE TYPE
tr - trace It -light m - medium D - DRIVE C  Core recovery
sm - some dk - dark c = coarse C-CORE
& -and bf - buff BH - Bore Hole G - GRAB Core lost
Q@ -a brn - brown SAA - Same As Above
w =~ with blk - black ) Water level drilled

ENGINEERING-SCIENCE




Sheet | of (

BORING NO.AP2?G SBS CONTRACTOR:  Precision  Drclling DATE SPUD:/g/alfez (2137
CLIENT: AFCEE RIG TYPE: (ME 35 DATE CMPL:10/3 4 /4 3
.:oa NO.. 78/21§.03c07 DRLG METHOD: '~ M-$A- Split spwe ELEVATION:
LOCATION: HARE ~AP 26 BORING DIA.: 2.5 IO TEMP.: ~%5-
GEOLOGIST: _ J- itall DRLG FLUID — WEATHER: p.5unny
COMMENTS: (eckyround  TWOC "
Elev. |Depthi Pro— | US Samples  |Sample] Penet. Remarks
() | (/)| file | CS : Geologic Description No. [Depta ®)| Type | Res. |TIP = Bkgmd/Reading (ppra)
] :
]
Ao GG
5
Lowa ek 1y, opet (-8 d/¢ pp*
ot - otir j4.uo
sAA ' §10 2o pe w
10 14 0S
15
20
25
30
sl - slight v =very f - fine SAMPLE TYPE
tr - trace It -light m - medium D - DRIVE C  Core recovery
sm - some dk - dark ¢ = coarse C - CORE
& -and bf - buff BH - Bore Hole G - GRAB Corec lost
Q@ -a bra ~ brown SAA - Same As Above :
w = with blk - black i Water level drilled

ENGINEERING-SCIENCE
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1
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1
i
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| 2
B
¥

= GroOUND WATER SaAMPLE

e

Project Name %{BW

Project Number '

Sampje Number mw N9 . )9P PEE |

Type of Sample: grab “composite ~ depth interval oﬁhér

Bailer Volume (BV) T
Bailer Inside Diameter (BID) (in)

Bailer Length (L) (ft)
(BID/24)2(L)(r)(7.48) (gal/bailer)

- Total Well Depth (TD) - { 3. (00 (Ft)

Static Water ‘Level (SWL) w_ (ft)

Water Column (TD-SWL) LN (FE)

Casing Inside Diameter (CID)’ 3~ (in)

Casing Volume (CV) :

(CID/24)2(TD-SWL) () (7.48) )z_éé (gal/casing)

Bails/Casing Volume (BCV)
(CID/24)3(TD-SHL)

CV/BV or (bails/casing volume)
(BID/24)3(L) ?‘/(
Purge Volume (PV) 5:?6 @egg{;'\gs)
(scv)(pv) . (bails)
Casing/ | Temp Elec | O-© £ e Visual
Time | Bail No.| S, | pH | Cond (mo/L.) “v Odor Appearance
B3Y .m—\w}! 2.3 (eSPILEB| 2lF [~)yi.5 Khure b Cleal
| Yl 28,2 a5 | P71 2.3 1115, T ) "
lqd7 3~ .@ c;' bd-?[ équl ¢¢ { "4%6‘7 €< -
148 Jo  |FFS b 2@|6u3| D] -, | b "
’L“} LYY %16 129' B4 @B.1 ~192:(, ‘e .
[M1Y y,0 3o 4.5 E 132 D | —27. 2| , “

Total Volume -Removed (PV) . Sé (casings)
(ov)(cv) ______(gallons)

Weather p\“7 3“»"»7 PSOFI. Lind /‘)’ )0"[5/!70/\

~ Date Sampled ' 9 Ot 77

Time Sampled Y3y

Name of Sampler M’ ﬁjb@ff'}

JHA 11/30

30




30 .

GROUND WATER SAMPLE

Project Name /‘éf‘MSJeOcJ

Project Number

- sample Number | mey o of ale
Type of Sample: grab ‘composite depth intérva] other
Bailer Volume (BV)
Bailer Inside Diameter (BID) (in)
Bailer Length (L) (ft)
(BID/24)2%(L)(r)(7.48) (gal/bailer)
- Total Well Depth (TD) |1‘\é‘(ft)
Static Water -Level (SWL) 5,58 (ft)
Water Column (TD-SWL) [p .3 (ft)
Casing Inside Diameter (CID) o B (in) .
Casing Vo]ume (cv) . )
(CID/24)2(TD-SWL) (r)(7.48) l:éé (gal/casing)
Bails/Casing Volume (BCV)
(CID/24)3(TD-SHL)
cv/BV or (baiis/casing volume)
(BID/24)%(L) )
Purge Volume (PV) jéy (casimgs)
(Bcv)(pPV) _ _ (bails)
Casing/ | Temp Elec | ©O-© Psdex Visual
Time | Bail No.| &€ pH ,f-g;rfz?a- (mg/c) “v Odor Appearance
" (D5 uv\d 9.7 (Lo &y | o =164 Ind Pdm| Gleor
(792> 1.8 B3y WLigle79l He2 1-129.3% L0 v Qleel
921 ‘LJ 9.¢ LJUE. V3 @,8¢ 1-123.9 . .
@939{ 9.5 lm‘ﬂ QN3 &2 —13%:% 2 ¢ ‘e
$735 4-?5 29.5 (PS5 B2 | —|Y4l.© . “

Total Volume Removed (PV)

3‘ 75 2+ 7O (easings)

(ov)(cv) ___ (gallons)
Weather Q(A/\Av] ' 6OF wi~d L <a«#—gum /d
Date Sampled 9{ ocr 7?’
Time Sampled 479 ys

Name of Sampler

/’\ (aSbeFM
L

JHAa 11/30



4?“ i-a

30

GRrRoOUND WATER SaAaMPLE

Pro_]ect Name l—ém(SleCA

Project Numbe rl

Sample Number /Y\uj'?‘) A(OQLO |
Type of Sample: grab 'composite' depth interval other
Bailer Volume (BV)
Bajler Inside Diameter (BID) (in)
Bailer Length (L) (ft)
(810/24)2(L)(n)(7.4s) (gal/bailer)
~ Total Well Depth (TD) IR
Static Water ‘Level (SWL) p (ft)
Water Column (TD-SWL) (ft)
Casing Inside Diameter (CID) 2-  (in) .
Casing Volume (CV) )
(CID/24)2(TD-SHWL) () (T7.48) Z,’Q_L_E (gal/casing)
Bajls/Casing Volume (BCV)
(CID/24)2(TD-SHL)
cv/BV or (bails/casing volume)
(BID/24)3(L) 0(
Purge Volume (PV) 3.1 (2—:"1‘91)
(scv)(pv) . (bails)
Casing/ | Temp Elec | ©O-© Po e Visual
Time | Bail No.| 2C pH | Cond (ﬁ“s/L) “v Odor Appearance
¢2ﬁ iﬁ( L\CL“ Y _L§7g’ H4l [1 "(ﬂbéfjf meod 95415 (1112C>f/
Lpep ¥ { 3.7 ledl {6 yel &Y 1-75.% X e
]tb,( Z 361 p ol b,yp ¢47L.[[ @4 ’S¢'¢ 4 2
Jol 2.5 1347 o lea3¥ | KA.] |- 834 y x
e CERIERS 153 0.Y318538] @) | -¥.¢ se «
Total Volume Removed (PV) 3: 5 (c?s—%rrgsﬂ
(ov)(cv) (gallons)
Weather Su/\»q , Lo 5° c ad L Q/W ‘Cﬁ/‘“ w
Date Sampled 801 oLT 9
Time Sampled A3 (/)
Name of Sampler ﬂ). (&S\)e(l\,o

JHMA 11/390
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GrounD WATER SaMPLE

ééjhﬂfiL’C(J
Mo ¢y

Project Name
Project Number

AP0

Sample Number

- depth interval

Time Sampled

Name of Sampler

/W/ G,

7

JHUA 11790

Type of Sample: grab ‘composife other
Bailer Volume (BV) o
Bailer Inside Diameter (BID) (in)
Bailer Length (L) (ft)
(BID/24)2(L)(w)(7.48) (gal/bailer)
- Total Well Depth (TD) /13- ‘;lgé (ft)
Static Water ‘Level (SWL) 5.394 (ft)
Water Column (TD-SWL) (ft)
Casing Inside Diameter (CID) (in) .
Casing Volume (CV) ' .
(CID/24)2(TO-SWL) () (7.48) l‘.[ o (gal/casing)
Bails/Casing Volume (BCV)
(CID/24)%(TD-SHL) .
CV/BV or (bails/casing volume)
(BID/24)3(L) )
Purge Volume (PV) 5£‘fl (casings)
(BCV) (PV) (bails)
Casing/ | Temp Elec | ©-© B dex Visual
Time | Bail No.| 2C pH | Cond G“B/L) Hv Qdor Appearance ;
LS R ¥ 129 S OB B8 126 T 1 Wl | (leov
INY L.7 (637 (b'(p&'f b, > “)(}7,6 I Y,
1459~ 38,6 Wi o83 .2 [-1595 | .«
145 ¥ 34,5 b3l £. 2 [-199.Y4 ' :
1457 2¢. 2 (L0 3| F- Py | = -
1499 A | L6l RSt | @, & [—1b3ke | i« <
Total Volume Removed (PV) 5 éé (c;Z§;§>)
(ov)(cv) —  (gallons)
Weather - mosiu, /O%J Z O ~¥5° I:/ Lnd A é7 /o«/5.»7ﬂk
Date Sampled 93 OC‘I’(;'?



GRrRoOUND WATER SaMPLE

Project Name /74/‘\{314(\(-3
Project Number
Sample Number | wyy; |14 AU 2o
Type of Sample: | grab "composite depth interval other
“Bailer Valume (B\'/)'
Bailer Inside Diameter (BID) (in)
Bailer Length (L) __(ft)
(BID/24)2(L)(n)(7.48) (gal/bailer)
. Total Well Depth (TD) 13,00 (ft)
Static Water ‘Level (SWL) S 8.4, (ft)
Water Column (TD-SWL) 7-Y1 (ft)
Casing Inside Diameter (CID) 2= (in)
Casing Volume (CV) :
(CID/24)3(TD-SWL) (m)(7.48) [,»}Lg (gal/casing)
Bails/Casing Volume (BCV)
(CID/24)%(TD-SHL)
cv/BY or (bails/casing volume)
(BID/24)%(L) ‘}"V(
Purge Volume (PV) 2 75 Leastgs)
(BCV)(PV) (bails)
Casing/ | Temp Elec | ©O-© Roden Visual
Time | Bail No.|] ©( | pH | Cond (mo /L) Hv Odor Appearance
WehS | 1n hel | 25:9 Wb | Baib //3¢ =77 ﬁ'cw Vew| Clov &
i | 255 1o 14843 6.3 |-79.4 Y
el 5 z 258.¥ b 1¢X36] @3- |~&. lo P Cleos
Wi |25 139,3 lb@|d, 3¢5 &2 [595 | X
[Le2¢ 3.0 1994 I lwsd>] 4.2 | -5k i<
17EL] 2.5 132,318 6792 @~ |~2177 L '

Total Volume Removed (PV)

(ov)(cy) (gallons)
Weather _ﬂ?oSJ/}{ C/O“”f ’ 25°F wind W /0 '479/"
Date Sampled X o 93
Time Sampled L3

Name of Sampler

/)’]. %&SL fﬁ’LA .

Jua 11730




GROUND WATER SaMPLE

Project Name M)mf)leof\

Project Number

sample Number | i, 4|3 AP 3 A

Typé of Sample: grab ‘composite depth interval | other

Bailer Volume (BV)

Bailer Inside Diameter (BID) (in)

Bajler Length (L) (ft)
(BID/24)%(L)(n)(7.48) (gal/bailer)

. Total Well Depth (TD) - 13.08  (ft)

Static Water ‘Level (SWL) §.37 (ft)

Water Column (TD-SWL) 7.3 (ft)

Casing Inside Diameter (CID) d~ (in)
Casing Volume (CV) ’ ‘ .
(CID/24)%(TD-SWL)(w)(7.48) [, 23— (gal/casing)

Bajls/Casing Volume (BCV)
(CID/24)3(TD-SHL)

. CV/BV or (bails/casing volume)
(BID/24)3(L) , z
Purge Volume (PV) 2‘(90 (castnds)
(BCY)(PY) . (bails)

0.0 Podex

2 Casing/ | Temp Elec Visual

Time | Bail No.} O pH | Cond (S“Q/L) Hv Odor Appearance
B3¢ | nibel (298 NG 6vad | 3 1-/22.4 ISliend Pbtdr Llecr

3 093 ! 259 \waslE & | &y 21234 | h Clecr

: q&?q'f e 2% (p o, 33 QSAJﬁﬁ? tb.3 *43‘{-5P X4 ‘“
747 2.9 291 b2l @.0- | —77.5 ' -
1;65\‘15' 3.0 H.€ 17718 34| £ 2 -i272.9 . ‘
B35 36 10%,7 lbvplel79l &2 | -13d.4 o X

7

Total Volume Removed (PV) . S: 75 (casings)
(ov)(cv) (gallons)

|
1
| weather  Shuny 26°F od Nt zo/»IﬁA,,Gowy,
1
i
g

Date Sampled 98 o Ccr S 7
. Time Sampled [ AL

o e e

Name of Sampler /”z%ﬁ}) el

Jia 11/30




GrounD WATER SaAaMPLE

br‘oject Name HUVKP glfﬁ(q

Project Number

Sample Number | )0 ”L‘ ' A‘{OQ’LD .

Type of Sample: grab “composite depth intervé] other

J
-+
r

Bailer Volume (8V)

Bailer Inside Diameter (BID) (in) i
Bailer Length (L) o (fv) R
- (BID/24)%(L)(w)(7.48) (gal/bailer) -
~ Total Well Depth (TD) - |34 (Ft)
Static Water ‘Level (SWL) MNP (ft)
Water Column (TD-SWL) : > (ft)
Casing Inside Diameter (CID) (in)

Casing Volume (CV) .
(CID/24)2(TD-SHL)(n)(T7.48) z:ESé (gal/casing)

Bails/Casing Volume (BCV)
(CID/24)3(TD-SHL)

cvV/BY or - (bails/casing volume)
(BID/24)3(L) - .
Purge Volume (PV) : ﬁg’@ (casings)
(8Cv)(PV) . (bails)
Casing/ | Temp Elec | ©-© R e Visual
Time | Bail No.| ¢C pH | Cond (mo/L) Hv Odor Appearance
) ﬁHol | lovRel | 28,2 11099 '@,197 L5 p’ —/3Y.5 /t)m“l(—ko Cleo<
)7 I 201 92189461 oy 1-158.3 s -
ol 272 [2a. T Al 0. Doz [ . Y
Hd- | 1.5 2,3 WA Il . 7171 e y
ll[é}‘{ 3.0 38 F[1.0HP Wyl &.( ‘/?5.{ /¢ s
B | 35 (242 o3[ Gl 8. T (=5 | | -

Total Volume Removed (PV) . ;lgzz'(casi'ngs)
(ov)(cv) (gallons)

Weather C,_/Ou( J:—',,, 0% F/ L/)“«vc’ 10 MlpL— A)'/M‘-

Date Sampled 22201 ot 97
Time Sampled . (o159

Name of Sampler M; QDbE.’"Nv

JHA 11/30




®

@

GroOoUND WATER SaAMPLE

Project Name féme Siecd

Project Number

Sample Number {Y\w \15 AC 3@
Type .of Sample: grab “composite depth interval other
Bailer Volume (BY) _
Bailer Inside Diameter (BID) _ ___ __ (in)
gailer Length (L) (ft)
(BI10/24)2(L)(r)(7.48) (gal/bailer)
_ Total Well Depth (TD) 13.%5 (ft)
Static Water ‘Level (SWL) 5. 646 (ft)
Water Column (TD-SWL) ¥ .35 (ft)
Casing Inside Diameter (CID)’ X (in) )
Casing Volume (CV) ' ' .
(CID/24)2(TO-SHL) (1) (7.48) [[33 (gal/casing)
Bails/Casing Volume (BCV)
(CID/24)3(TD-SHL)
CcV/8V or (bails/casing volume)
(8ID/24)%(L) ,
Purge Volume (PV) Lf% (ezn/gi)
(BCVY)(PV) . (bails)
Casing/ | Temp Elec | O-° Podex Visual
Time | Bail No.| _©C pH | Cond (5“9//-) Hv Odor Appearance
1633 | initig® | 7.8 [ ¥HET9¥1 [, I A 1116, &£ 1S ropt bt £ . de
g 37 1 5 leva|p I3 6.3 1-133.01 '« "
,$2;' 7 ,J?‘J [ﬂ'% ‘A47‘0¢ ¢, > --[\”: > ”" ‘"
1£37 3 A6 Al Aot | B =(47-3 . Clecr
[SME 1.9 281 (L. JEET5] & ~14%.9 ' (e
184 % y.0 253 We.TBV@TI5[\ b,/ {“(50« S . : .
Total Volume Removed (PV) 445/ (migs
(ov)(cv) (gallons)
S OF, wind A s
Weather u.mm—i /jg 4 Wind A ot 20 Q*FN\ 6(,;47,
Date Sampled 2f ocr9xr
Time Sampled 1D YA
1 -
Name of Sampler ‘/n/ &(Shﬂf/\;

JHA 11790

30




GraounD WATER SAMPLE

Pl;Oj ect Name /’é)l\p glea, c\

Project Number

AP le

M, /&Sbeﬁv)
<

Name of Sampler

Sample Number muw HLQ
Type of Sample: grab “composite dépth interval other
. Bailer Volume (8V) _
‘ Bailer Inside Diameter (BID) _____ (in)
Bajler Length (L) (ft)
(810/24)2(L)(n)(7.4§) (gal/bailer)
. Total Well Depth (TD) /2.9 .(ft)
Static Water -‘Level (SWL) M5 (ft)
Water Column (TD-SWL) (fr)
Casing Inside Diameter (CID)’ s (in)
Casing Volume (CV) ' .
(CID/24)3(TD-SHL) (1) (7.48) 1:145 (gal/casing)
Bails/Casing Volume (BCV)
(CID/24)%(TD-SHL)
CV/BV or (bails/casing volume)
(BID/24)%(L)
Purge Vo'!ume‘(PV) E f (c?&/g
(BCV) (PV). . (bails)
Casing/ | Temp Elec | O-© Padex Visual
Time | Bail No.| 2L pH | Cond (ma/L) “v Odor Appearance
1672 |_inhall 263 Medel@s5el | A9 1-U0L4 1002 | fleod
3oL 1 | (.G B SR O =275 | %
B3 | 2 3.0 bINO P Dp =@l = | -
153 |25 (363 1pbl Ag] .o 1131 |mpetyl
1633 | mo 36,1 7] 05| ©. > [—f1b5] X
1543 2.9 X2 0?5 699 2. 2> | /36 u o
Total Volume Removed (PV) 3652 (c@i%g{}
(ov)(cv) __ (gallons)
Weather /VL,W‘( C—/‘)“J? %)afl Wind L jO /-Y\f))‘v
Date Sampled 29 0(/7/97'
Time Sampled [9¢s5 .

JHA 11/30
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GrounD WATER SAMPLE

Project Name 7‘[)0&03460()

Project Number

Sample Number

Type of Sample:

AP 2

depth interval

other

Bailer Volume (BV)

Bailer Inside Diameter (BID)

Bailer Length (L)
(310/24)2(L)(n)(7.4§)

. Total Well Depth (TD)

Static Water ‘Level (SWL)
Water Column (TD-SWL)
Casing Inside Diameter (CID)
Casing Volume (CV)

(CID/24) (TO-SWL) () (7.48)

Bails/Casing Volume (BCV)
(CID/24)3(TD-SHL)

N G 11))
(ft)

35,25 (ft)
(ft)
(ft)

oL

N G 11D

ZQ 2 (ga'l/casi.ng)

(gal/bailer)

CV/BY or (bails/casing volume)
(BID/24)%(L)
Purge Volume (PV) I 76 (casmgs)
(BCV)(PV) (bails)
Casing/ | Temp Elec | O-© Bsdex Visual
Time | Bail No.| =< pH | Cond C“S/L) MV Odor Appearance
jo5 1 | nteX 1281 147166931 1- Y uy.5 | popt | Cleer
o 3 27.1 D 18699 | 6./ 93,7 oW E ‘-
iy Lo . | 18300631 &, P WW. K u
135 9 J1 & e\ @4yl D6 | Y2 Y '
ITEY 13 1Je.9 [0¢7p 205 ©O-& 9. e -
Total Volume Removed (PV) ZQ'O (casings)
(ov)(cv) ‘ (gallons)
Weaﬁher qf. /\44 75‘ f y ) ind )d 9~19 /'*-‘lﬂ)"
Date Sampled Qci ocCT 9 7—
Time Sampled TS
Name of Sampler _ - /n ’ (ofb«eﬂ?,
JMA 11790




[

- Type othamp1e:

30

GroOUND WATER SaAMPLE

Px;oject Name /74% Slead A,ﬂé

Project Number

Sample Number

M 9

grab

PO

depth interval

“composite other

Bailer Volume (BV)

Bailer Inside Diameter (BID) ___ (in)
Bailer Length (L) o (fY)
(BID/24)%(L)(r)(7.48) _____(ga]/bai'ler)
Total Well Depth (TD) [P-47](Ft)
Static Water ‘Level (SWL) _5.35 (ft)
Water Column (TD-SWL) (Q, 3' & (ft)
Casing Inside Diameter (CID) s (in)
Casing Vo]ume (cv) , , .
(CID/24)%(TD-SWL) (R)(7.48) ldﬂ (gal/casing)

Bajls/Casing Volume (BCV)
(CID/24)2(TD-SWL)

CV/BV or — (baiis/casing volume)
(BID/24)3(L)
purge Volume (PV) _{_i_(ca%:gs)
(BCV)(PV) __ (bails)
Casing/ | Temp Elec O.o Rodex Visual
Time | Bail No.| ©&. | pH | Cond G“s/L) Hv Avp or Appearance
~A 208
166 | 1niKaX |32 3 1633145 1 1.5 ~\1 0o | B toko] C)eov”
19 & \ 79., 16,9 18.53%| 4,3 -147-3 9 v
19 4 2 23.5 | AHL542| G |-38¢.0 ~ ie
19i\c 25 |AU0 {b9lp549] &, ;> -, ¥ ‘¢ ’
19149 3.2 9.5 W Iel .55 o > |25 .k .«
Total Volume Removed (PV) (casings)
(ov)(cv) (gallons)
Weather § O‘Hu, ,‘4/\«,  (Wem Y5oF L) -d  SE. /5’::?0/770/’}

FZ'—?’ o<,7’97—
WT¥Y

1, kb

Date Sampled
Time Sampled

Sherry,

Name of Sampler

JHA 11/30
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GRrRoOUND WATER SaMPLE

Projecf. Name MMQ <Slec.. d

Project Number-

sample Number | M) 1O | PPrO
Type of Sample: grab ‘composite depth interval 'oﬁher

. Bailer Volume (8Y)

Bailer Inside Diameter (BID) (in)

Bailer Length (L) (ft)
(BID/24)%(L) () (7.48) (gal/bailer)

- Total Well Depth (TD) - 14,23 (ft)

Static Water ‘Level (SWL) - (ft)

Water Column (TD-SWL) .5 (ft)

Casing Inside Diameter (CID)’ 2 (in)
Casing Volume (CV) ' ‘ ‘ .
(CID/24)2(TD-SHL) () (7. 48) J.ef (gal/casing)

Bails/Casing Volume (BCV)
(CID/24)%(TD-SHWL)

cv/BV or ﬁ (bails/casing volume)
(8ID/24)%(L) 3.4 0

Purge Volume (PV) = al (ga j

(8CV) (PV) ) (ﬁ?}?ﬂ

Casing/ | Temp Elec | ©-© Poclex Visual

Time | Bail No.| & pH | Cond ('-'*s/L) Hv Odor Appearance
1339 | 1ainel |29 Y 7B 7| 2.8  14:26.9 | wowgel cleat
!¢3‘7 ‘ Q?l / 7OX ;‘, V{ol Z;J‘ ‘I’/J/, 3 |14 i
I334 2 9.7 3166501 9.2 7173 ¥ .
$33 2.5 A% Naaleawg| 2.3 i3 1 e /7
1435 3.0 |J3.% | L[4 Yl 2. F1b,] ¥ T
Total Volume Remaved (PV) . x A (casings)

(ov)(cv) , (gallons)

Weather S(ﬂ\/\.v] LjJ&'\k %"P (,).%J./,,. /Sf&(_)m'/)l;\. Q)LE

et
Date Sampled FF o a9
Time Sampled A2

Name of Sampler /ﬂ/ /@(5/}1’13?.

JHa 11/30



Progect Name )44)/)’)( Slec,c\

30

GroOUND WATER SAMPLE

Project Number

Sample Number ML) ]) W&Q{
Type of Samb'le: grab | “composite “depth interval other
Bailer Volume (BV) '
Bailer Inside Diameter (BID) (in)
Bajler Length (L) (ft)
(BID/24)3(L)(n)(7.483) (gal/bailer)
- Total Well Depth (TD) /3. 40 '(ft)
Static Water Level (SWL) an D (ft)
Water Column (TD-SWL) o (ft)
Casing Inside Diameter (CID) & (in)
Casing Volume (CV) .
(CI_D/24) (TO-SWL) (n)(T7.48) l',oZ- (gal/casing)
Bails/Casing Volume (BCV)
(CID/24)%(TD-SHL)
cv/8Y or (bails/casing volume)
(BID/24)3(L)
Purge VYolume (PV) é (ea-s—l-ﬂg%)
(BCY) (PV) ___ (bails)
Casing/ | Temp Etec | O © Poclex Visual
Time | Bail No.| *< pH | Cond (mo/L) “v Odor Appearance
37 | R 1297 003| G o] 3.2 (441,23 [Jrgd [hed Clocd, .
Ny @ ( 29 4 1731051 (.} 1378 " T
1’971 Z .3 L33 | . b‘f% D7 +130.7 1 7
“Liqi z-5 éf?)! kk&? 06(937 Z£ f; HIPF ’ ¢ v
TEN 7.0 | 0g bS8 E 33 -5 |7137-2
Total Volume Remaved (PV) ,3 é (,?
(ov)(cy) . (ga'l]ons) )
Weather S—l::-)/7 ' (/)Cﬂt ?0"? &an, E /5’2() /770}3
Date Sampled A 3F CXT 97
Time Sampled 155

Name of Sampler

. fasberry,
y

Jua 11790
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. N . GrounD WATER SampPLE

% : Px;oject Name /14’\4\0%3((‘1

’ Prjoject Number

Sample Number | ML }m{ ‘ ﬁ‘ﬂ )425

Type of Sample: grab "composite depth interval other

Bailer Volume (B8V) . ‘
Bailer Inside Diameter (BID) (in)

Bailer Length (L) (ft)
(BID/24)2(L)(n)(7.48) (gal/bailer)
Total Well Depth (TD) - 13.i3 _(ft)
Static Water ‘Level (SWL) q.07) (ft)
Water Column (TD-SWL) . _SECle (ft)

Casing Inside Diameter (CID)° P~ (in)
Casing Volume (CV) ’ o -
(CID/24)2(TD-SWL) (r) (7.48) [P 7 _(gal/casing)

Bails/Casing Volume (BCV)

(CID/24)%(TD-SHL)
. CV/BY or (bails/casing volume)
- (BID/24)%(L) ' 2
Purge Volume (PV) 5‘:}\(49 (casings)
(Bcv)(pPv) (bails)
Casing/ | Temp Elec | ©-© Podex Visual
Time | Bail No.] &¢ _rpl»;{q Cond (mo/L) “uv Odor Appearance
i 21 ;f'\: RQX Q?;J m ¢, ‘lS{é e + (Y15 g\:vl pd’(": C[{O./
1N I 29.3 [T |y | &6  |Hisl.U e ¥
[LZAS z 9.3 [1.35 | e} &Y  had. 3 2 '
14 3 2.5 29> 13 |, N4 . Y 137/ i P
1933 7.0 24,0 7.7 d.943| &Y 125\« ™ y
N3 | 2.5 29.2 Ja¥|c N @. 4 Lridv o . "
Total Volume Rémoved (Pv) . Efsé (casings)
- (ov)(cy) (gallons)
oo ) .
Weather PJJLZ @/Ouzl;; L ¥5<¢ (/-)"37 £ 2o “‘7”}“
Date Sampled X T 97 | ‘
!. Time Sampled INEYA

Name of.Sampler /w/ &S.‘)(ﬂ?—

Jua 11790



30

GROUND WATER SaMpPLE { SIS ,\%/e

Project Name 1‘:)!‘/?\6%‘\{6/1
Project Number

Sample Number mg -1y A P11l
Type of Sample: grab  “composite depth interval other

4

Bailer Volume (BV) -
Bailer Inside Diameter (BID) (in)

% Bajler Length (L) (ft)
: (BID/24)2(L)(n)(7.48) o (gal/bailer)
_ 2y
3 Total Well Depth (TD) - _-g&(ft) )[
D Static Water ‘Level (SWL) e (fY) ol frw
Water Column (TD-SWL) S5 (ft) /aLé* prededd "“’*L,{k";
- Casing Inside Diameter (CID)’ 2 (in) L VR
g Casing Volume (CV) ' ' ’
(CID/24)%(TD-SWL)(n)(7.48) ! gé/q (gal/casing)
g Bails/Casing Volume (BCV),
(CID/24)2(TD-SHL)
. . cv/sV or (bails/casing volume)
g (BID/24)3(L) 0
Purge Volume (PV) 23,5 (mi—i—r@s)
% (BCV)(PV) e (bails)
@ Casing/ | Temp Elec /O'O R dex Visual
ﬂ Time | Bail No.| o« pH | Cond \i“s/l-) Hv Odor Appearance
e | ynited 16 1l 8637 | 1377 (=jfe.7 (SRena¥thd  Claer.
g o9 \ Aoy (10185951 NS 1-3e¥. b | w0 ¥
wof | 2 220 1 7.13]6,9931 INE =195 ¢4 | “
1039 2.5 | X [Tl 5%] I/ |-198.g | - 2
; 1025 3.c |29 [T E5 | 7. ¥\ |~3#¢.7 . .
§ . Vihe .
g Total Volume Removed (PV) . _ (casings)
(ov)(cv) 2‘0 (gallons)
1 Weather gw? e $5°F o d £ ook /0'/5,,70/\-
‘ Date Sampled Ao o797
g . Time Sampled {OYD
Name of Sampler I’W.%&Sb[)"-;/‘;
! Nt < Coul/ M{‘ C‘l(h.c"' L Sv‘fb ~ "“S'[‘;"“.“‘\f ‘?"L'Ck“SY ' -
' : JHA 11790 -
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30

GROUND WATER SamMPLE

PrOJect Name Fémeﬁkad

Project Number

Sample Number

M S

AP

Type of Sample: grab

“composite

depth interval other

Bailer Volume (BV)
Bailer Inside Diameter (BID)
Bajler Length (L)
(BID/24)2(L) () (T7.48)

- Total Well Depth (TD)

Static Water ‘Level (SWL)
Water Column (TD-SWL)
Casing Inside Diameter (CID)
Casing Volume (CV)

(CID/24) (TO-SWL) (m)(7.48)

Bails/Casing Volume (BCV)
(CID/24)3(TD-SHL)

—_ (in)
(ft)
(gal/bailer)

(1 X5 (Ft)
535 (ft)
.5 (ft)

-l 611}

_“L_é}é_(gal/casi.ng)

cv/BYV or jé (béi]s/casing volume)
(BI1D/24)%(L)

Purge Volume (PVY) 3 b (czgggs)

(BCV) (PV) (bails)

Casing/ | Temp Elec | ©-© Pocdex Visual
Time | Bail No.| 2 pH | Cond C“s/i) MV odor Appearance
1353 Linched | 90,3 | 7oA 3.5 1.28 ¥ 9.0 Sliqd b Clior
125401 1 9.5 174318.979) .84 bif), Y o ’
1460 > L 171016573 28 evt] y 2
Yoz \ 25 129.j 7421456 &98 Bics.qy | i« "
9y 3 1239.2 | 715149551 &8¢ |4es.y ' “«
JMEL | 3.5 [A. 719165561 @18 Hio5.> . 2
Total Volume Removed (PV) ‘ (casings)
(ov)(cv) __ (gallons)
Weather SMAT Wemt $5°C  (pnd 15720 n',ﬁ/\- £,
Date Sampled He o 97
Time Sampled 1419
Name of Sampler M. (as\oer‘\d )
Jua 11/'90




GrRoOunND WATER SAMPLE

30

~.
Project Name /Am:z&-leqd
Project Number
Sample Number | M(> o AO i
Type of Sample: grab “composite depth interval other
Bailer Volume (BV)‘
Bailer Inside Diameter (BID) _______ (in)
Bailer Length (L) (ft)
(BID/24)3(L)(m)(7.43) (gal/bailer)
Total Well Depth (TD) [ DTS (ft)
Static Water -‘Level (SWL) 5.3% (ft)
Water Column (TD-SWL) 7. %3 (ft)
Casing Inside Diameter (CID)’ 2 (in)
Casing Volume (CV) ' ' :
(CID/24)2(TD-SHL)(R) (7. 48) [-F _(gal/casing)
Bails/Casing Volume (BCV)
(CID/24)3(TD-SWL)
cv/BY or " (bails/casing volume)
(BID/24)°(L). '
5L
Purge Volume (PV) 36 (cdsings)
(8cv) (pPV) {bails)
Casing/ | Temp Elec | O-© Psdlex Visual
Time | Bail No.} _&¢ pH | Cond (o /L) Hv Odor Appearance
15‘} { intwheld | 3e.3 [ b73 | O74f l[,pr ~27.9 | ponst Cleor
b f 79.5 b3 | &4 @2 -0z 9 c ‘e
1547 2 29.( {03165, 749 HeT -ng. 7 ‘ ‘e
191 .5 3,‘} 791 ¢. 793 -7 -h7.3 ' ‘e
1513 3.4 93 luadleoamsl & [~d.l X 2
512 3.5 (29.¢ lbleld-73 &.5. | -119.8 .« e
Total Volume Remaoved (PV) (casings)
(ov)(cv) $-0 (ga]'lo_ns)

Weather _S\m/\«/ (WD e $sof (,4).,341 C at JO1D /70/\,
Date Sampled Ne-XT 7 /
Time Sampled 152
Name of Sampler M, %QSbef"él/ ’_': \_
JHMA 11/30
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"Project Name

30

GrounD WATER SAMPLE

}f/m@lead

Project Number

Y7

depth 1ntérva1

Sample Number

M 25

grab

Type of Sample: “composite other

Bailer Volume (BV)

Bailer Inside Diameter (BID) (in)
Bailer Length (L) (ft)
(BID/24)%(L)(r)(7.48) (gal/bailer)
Total Well Depth (TD) [2,10 (ft)
Static Water ‘Level (SWL) .| (ft)
Water Column (TD-SWL) [p el (ft)
Casing Inside Diameter (CID) (in) .
Casing Vo]ume (cv) .
(CID/24)2(TO-SHL) (r)(7.48) .1l (ga1/casing)

Bails/Casing Volume (BCV)

CV/BV or

(CID/24)%(TD-SHL)

(bails/casing volume)

(BID/24)%(L) ?/(
Purge Volume (PV) Eé (ersings)
(8CV)(PV) __ _(bails)
Casing/ | Temp Elec | O-© L Visual
Time | Bail No.| & pH | Cond (mo/L) MUV Odor Appearance
/3 Azl 1293 |n83lhs5 | 2.5 Wi12%-3 | wowk | Cleed
5%?H€3 I 5?2?35; .7/Z5 j‘ SZJ?! l( ;L 'fIIQ3 5‘ Al 't
Y9 Z X 7 17149951 &7 1Y, le ' 1
g5yl | 2.5 251 | 79149951 A7 1+//39.% i “
priq 3.0 ¥, 77 V24 K497 .7 +11.77 ' (e
b951 2.9 5.7 {20 Y59 Bite 403§ :
Total Volume Removed (PV) __fL?géZ&sasingsJ
(ov)(cv) _ (gallons)
Weather Su.'\m’.' (i c‘;, 19~ 20 /)\‘ﬂl, 75~ F.
Date Sampled 7.1 9T 97
Time Sampled T2
Name of Sampler /ﬁ’ﬂCbe(r—f‘}_

JHA 117390



GRrRoUND WATER SamMPLE

g Project Name /74m£ Sleed

~ Project Number
Sample Number | ) o3 Q—() o~
Type of Sample: grab ;composite : depth interval

30

other

Bailer Volume (BV)

Bailer Length (L)
(BID/24)2(L)(K)(7.4$)

- Total Well Depth (TD)
Static Water -Level (SWL)
Water Column (TD-SWL)

Casing Inside Diameter'(CID)'

Casing Volume (CV)
(CID/24)2(TD~-SHL) () (7.48)

Bails/Casing Volume (BCV)

cv/BVY or

Bailer Inside Diameter (BID)

—(@Gin)
- (ft)
(gal/bailer)

/21D (ft)
S.03 (ft)
1. 07 (ft)
____%___('in)

“M 3 (ga]/casi.ng)

(CID/24)2(TD-SHWL) |

o

(bails/casing volume)

(8ID/24)*(L)
Purge Volume (PV)' \3/331 c;ﬁiﬁ?ﬁl)
(BCV) (PV) . (bails)
2 Casing/ | Temp Elec | O-© Rodlex Visual
g Time | Bail No.| ©¢C | pH | Cond (E“Q/L) Hv Odor Appearance
1713= | 7aiha X 1229, ) 11l da638| 2,58 [—|lfp. | ed ptded  (lecr
g 1715 ) I8 8‘ L4718, W3 g6 1-93.7 - 2
: ¥ Fa i W93l b5 63 | -9 & . -
122 2.5 28 e (L 331E Vol B- 2 [ —1¢3-7 e -
113y 3.c ) Y] L. 91 . ¥ B2 =100, ¥ ‘0 P
g {7337 3‘5 QXI \o &’.97 ('6,(97} 0, > =149, 9 e o
g Total Volume Removed (PV) 3. 5 (ogﬁ;gs)
(bv)(cv) __ (gallons)
g Weather (\\OE‘HM d@/lc\lq %SOP £ Wnd Jo-i5 /y;ﬂ}\
Date Sampled 93’0(.7’ 97’
g . Time Sampled kY
i Name of Sampler /71/ (aS‘berrg

Jua 11/30



_l_‘}%L el V256 A6 73] 2.2 BFIRA o | pooE | Clecs
1Y

GrouNnND WATER SAMPLE

Project Name Aéme sdeod

Project Number ’

sample Number | MyJ Lo Y AP 33~
Type of Sample: grab ‘composite . depth interval other .

Bailer Volume (B\'/)- '
Bailer Inside Diameter (BID) (in)

Bailer Length (L) (ft)
(BID/24)2(L)(r)(7.48) (gal/bailer)
Total Well Depth (TD) - /208 (ft)
Static Water ‘Level (SWL) S (ft)
Water Column (TD-SWL) (ft)

Casing Inside Diameter (CID)’ =N (in)
Casing Volume (CV) ' ' .
(CID/24)3(TD-SWL) (1) (7.48) l:!u (gal/casing)

Bails/Casing Volume (BCV)
(CID/24)3(TD-SHL)

cVv/BY or : (bails/casing volume)
(BID/24)°(L)
; '5/5 ?ﬁ.ﬂ
Purge Volume (PV) (castngs)
(BCVY)(PV) ' . (bails)
Casing/ | Temp Elec | ©O-© Ps Jex Visual
Time | Bail No.| eC. pH | Cond (i“f)/L) “v Odor Appearance

l 7,71 178\ L8712 Hblolo LOCL] ¢ feel

Y73 2 22.9 164\ G 7% D> 105 Mo~ £ <
19 | 25 11, ¥ (b46|d. 788 (8.5~ |+ -3 ik X
REFAEER N-9 NN loIH 3.+ |1bd & ' ¥
lqj(ﬁ 3.9 27«.\/ T3 Y| & 2 +43.9 oo ¥

Total Vaolume Removed (PV) . 5. ‘32 ﬁ;;'\'—ra’ng’s)

(ov)(cv) (gallons)

Weather /’%5—”7 /’:/Cufldl 7606 (S ind A _of 15-2¢ ’)-.,_,51’7

Date Sampled ;? OCT 97
Time Sampled Juy s

Name of Sampler m/ /(‘?3 f””"}l

JMA 11/30
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GroOUND WATER SAMPLE

Project Name LLN%\«CA

Project Number ___

sample Number | M0 ))) AP o~

Type of Sample: grab “composite depth interval other

Bailer Volume (BV)
Bailer Inside Diameter (BID)
Bailer Length (L)
(BID/24)2%(L)(r)(T7.483)

- Total Well Depth (TD)

Static Water ‘Level (SWL)
Water Column (TD-SWL)
Casing Inside Diameter (CID)
Casing Volume (CV)

(CID/2A) (TO-SWL) () (7.48)

Bails/Casing Volume (BCV)
(CID/24)3(TD-SHL)
cv/8vV or

— (in)
(ft)
(gal/bailer)

L}.WfSl(ft)
9.3 (ft)

. i 4§ (ft)
___;L___(in)

[ﬂé (ga]/casi.ng)

(bails/casing volume)

(BID/24)3(L) Z
Purge Volume (PV) / ié (casings)
(BCV)(PV) (bails)
Casing/ | Temp Elec | ©-° £s e Visual
Time | Bail No.| € pH | Cond G“s/L) “v Odor Appearance
(073 | innod 30,2 [eAlBLIT] 130 ¥0.9 Sight Pefhs Clzor
IVEY] | 29,5 (2B b5 #.3 1+10:3.9 /e v
1035 2— ’qug b 73'“ $4087 %1 a; 'f’ll5.6 [ s
3] L5 199.9 1693 d.b¥5] 0.2 {+Ll,7 -
{39 3.c 2495 {3 b8 | #.2 |Ho?-¥ . ‘v
[oY] 35 1299 [l Rl L2 1+bi. 5 e .

Total Volume Removed (PV)

~

ad

(ov)(cv) (gallons)
Weather MOSH? e IQ.J./I, LI)C/‘M ?‘SGF
Date Sampled 97’007 73>
Time Sampled = W'\

BLY 10175’n7ok,

G e S a0 e KD

Name of Sampler _M . %&5 L)-Q r/\;

JHa 11/30
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AP

GRroOUND WATER SaAMPLE

"Project Name

Aémeclaari

Project Number

23129¥% 030808

Sample Number Mia-4o AP-v7
Type of Sample: grab “composite depth interval other
Bailer Volume (BY)
"Bailer Inside Diameter (BID) (in)
Bailer Length (L) (ft)
(BID/24)2(L)(n)(7.48) (gal/bailer)
Total Well Depth (TD) [2.30  (ft)
Static Water ‘Level (SWL) Z) (ft)
Water Column (TD-SWL) (ft)
Casing Inside Diameter (CID) 2 (1n)
Casing Volume (cv) ‘
(CID/24)2(T0~-SWL)(n)(7.48) (ga]/casmg)
Bajls/Casing Volume (BCV) ' P
(CID/24) (TD-SHWL)
cv/B8Y or -- 2:9 (bails/casing volume)
(810/24) (L)
Purge Volume (PVY) 5; (cas+mgs) §a/€
(BCV)(PV) (bails)
ok _
Ca&in Temp Elec | ©O-© B e Visual
Time | B No.| “C pH | Cond (u9/c) Hv Odor Appearance
(G| inbd {3506 N |8 158 Y. 5y F176.7 | mod ety Cleor
1 AQ { 29,4 (1.1 | &, 1¥9 YV"{A +115. ¢ i, ‘!
(b33 A BN V1516033 | 3H¢  +925.4 ‘ .
(yF 1 2.5 294 A |61 1 ahe 951 Y K «
(v5] 3 2, (LU &8¢ - 1Moy ‘e o
3.6 )
O.2 /

Total Volume Removed (PV)
(ov)(cv)

- 3o

Wépr M'(' wrk.‘#; //#
2% (casings)

3,(4 (gallons)

Weather
Date Sampled 19/23/¢ 7
Time Sampled } 100

Name of Sampler

Jua 11790

30
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AP-17
GROUND WATER SAMPLE

Project Name Homecte..?
Project Number _72129&.0399%

Sample Number | M~ 77 ' AP-1TF

Type of Sample: grab “composite depﬁh interval other

Bailer Volume* (BV) ’
Bailer Inside Diameter (BID) (in)

Bailer Length (L) o (ft)
(B10/24)%(L)(n)(7.48) _____ (gal/bailer)
Total Well Depth (TD) - 3.9 (£t)
Static Water ‘Level (SWL) -7 (ft)
Water Column (TD-SWL) T 19 (ft)
Casing Inside Diameter (CID)’ 2.0 (in)

Casing Volume (CV) :
(CID/24)3(TD-SWL) () (7.48) ij (gal/casing)

Bajls/Casing Volume (BCV)
(CID/24)%(TD-SHL)

Ccv/BY or (bails/casing volume)
(BID/24)3%(L)
Purge Volume (PV) jz (casmgs) (3 55*0/())
(BCV) (PV) __ (bails)
S
casi Temp Elec | O-© R dex Visual
Time No.| && pH | Cond (mo/L) Hv Odor Appearance
{07 v bekt | 300 |39 .3 N\S.07 [T /| pece Cleeh
1519 Y 38,9 lowd 3793 |§A945  [JIADS | rzaz | Clier
[Say | 25 3%.4 e |pTp |8.53 9N | tove| Cller
1529 | 3.2 29 |Llo|¢159 13.9% LI\ | povs | eer
1533 3.5 A9 (g [t (8- 58 NIBPt | Lol | Ceel
Hngh — I-tna >
Co.2 m\’:’rh(‘u‘,k*j //é(
Total Volume Remaoved (PV) . _ (casings)
(ov)(cy) 3276 (gallons)
Weather
Date Sampled 23 0T
Time Sampled (53

Name of Sampler

JHA 11/30




OCTOBER 1997 GROUNDWATER LEVELS
RISK-BASED APPROACH TO REMEDIATION

SITE SS-15A
HOMESTEAD AFB, FLORIDA
Location Elevation of TOC Depth to Groundwater Groundwater Elevation
(feet above NGVD) (feet below TOC) (feet above NGVD)
Parsons ES OHMY Parsons ES OHM

MW-5 579 | o 3.87 — 1.92
MW-9 6.93 5.35 5 1.58 1.93
MW-10 732 5.71 - 1.61 R
MW-11 7.63 6.02 R 1.61 e
MW-14 693 1 e 5.12 e 1.81
MW-15 6.98 5.35 - 163 |
MW-16 6.99 5.38 ———— 1.61 -
MW-17 659 ] e 465 | @ - 1.94
MW-21 6.80 e sor | 0 - 1.79
MW-23 765 | = 59 - 1.75
MW-24 7.72 e 595 | e 1.77
MW-34 584 | 4.07 -——- 1.77
MW-35 699 | - 525} e 1.74
MW-37 7.64 - 588 | e 1.76
MW-38 17277 | e 6 - 1.77
MW-39 661 | - 48 - 1.76
MW-40 6.90 5.2 5.15 1.70 1.75
MW-41 7.00 — e e ~—-
MW-44 6.97 —n 523 - 1.74
MW-46 712 | e 539 | 0 - 1.73
MW-50 793 | e 62 | e 1.73
MW-54 689 | e 522 —— 1.67
MW-56 7.05 e 5.38 - 1.67
MW-63 6.57 5.03 488 1.54 1.69
MW-64 6.29 476 | - 1.53 -
MW-66 578 ——— 407 | - 1.71
MW-67 6.87 e 5.19 —-- 1.68
MW-69 7.06 R N ———-
MW-75 6.98 5.46 525 1.52 1.73
MW-76 7.10 5.58 5.36 1.52 1.74
MW-77 6.90 5.35 —- 1.55

MW-78 7.39 omeme 5.65 e 1.74
MW-82 5.81 —eeem o o -
MW-90 5.86 — - ————-
MW-93 6.87 ———— — e e
MW-95 6.83 5.19 - 1.64 —
MW-96 6.84 ———— 5.03 - 1.81
MW-97 5.88 - 4.11 —- 1.77
MW-98 666 | @ e 488 e 1.78
MW-99 6.79 5.07 5.01 1.72 1.78
MW-100 6.85 —— 5.12 s 1.73
MW-101 5.98 - 4.23 ———— 1.75
MW-102 6.79 e 5.06 - 1.73
MW-104 6.82 5.29 5.06 1.53 1.76
MW-105 7.06 — 53 — 1.76
MW-109 4.64 ——- 2.89 e

MW-110 6.85 5.07 4.72 1.78 2.13
MW-111 6.86 5.31 e 1.55 —
MW-112 6.66 5.11 — 1.55 —
MW-113 6.90 5.37 ——— 1.53 —
MW-114 6.90 54 5.18 1.50 1.72
MW-115 ——— 5.5 - —— ——
MW-116 —— 5.45 - — ———-
DW-2 6.92 5.34 — 1.58 o

¥ Year Two Third Quarter MO results (OHM, 1997_).
- = Not measured.

W

AFCEE/HOMESTEAD/~MEOE3A XLS
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Appendix B

Corrective Action Plan
Risk-Based Approach to Remediation
Site SS-15A, Homestead ARB, Florida

Electron Donor and Electron Acceptor Half Cell Reactions

AG®r AG®s E° Eh pe Conditions
HALF-CELL REACTIONS (kcal/ &J/ \2) W) for Eh and pe §
equiv)® | equiv)”
ELECTRON-ACCEPTOR (REDUCTION) HALF CELL
REACTIONS
5¢ + 6H* + NOs = 0.5N: + 3Hz0 -28.7 -120. +1.24 +0.708 | +12.0 pH =7
Denitrification ZIN}= 103
e + 4H* + 02 = 2H20 -28.3 -119. +1.23 +0.805 | +13.6 pH =7
Aerobic Respiration Po,=0.21 atm
2e¢ + 4H* + MnO2 = Mn** + 2H20 -28.3 -119 +1.23 +0.550 | +9.27 pH =7
Pyrolusite Dissolution/Reduction $[Mn] =10
COz + ¢ + H* + MnOOH = MnCOs3 + H20 -23.1 -96.8 +1.00 +0.408 { +6.90 pH =38
a Manganite Carbonation/Reduction Pco. =102
2
e + H* + MnO2= MnQOH 22.1 92.5 +0.959 +0.545 | +9.21 pH =7
Pyrolusite Hydrolysis/Reduction
e + 3H* + Fe(OH)3.amph, = F&** + 2H20 -21.5 -89.9 +0.932 +0.163 | +2.75 pH=6
Amorphous "Goethite” Dissolution/Reduction Z[Fe]=10"
8¢ + IOH* + NO'3 = NH*4 + 3H20 -20.3 -84.9 +0.879 +0.362 | +6.12 pH =7
Nitrate Reduction
2e + 2H* + NO'3 = NO: + H20 -18.9 -78.9 +0.819 +0.404 | +6.82 pH =7
Nitrate Reduction
e + 3H* + FeQOH => Fe** + 2H:0 -15.0 -62.9 +0.652 -0.118 -1.99 pH =6
"Ferric oxyhydroxide"” Dissolution/Reduction % [Fe]=10"
e + 3H* + Fe(OH)s.ine. = Fe¥* + 3H:0 -11.8 -49.2 +0.510 -0.259 4.38 pH =6
Crystallized "Goethite” Dissolution/Reduction % [Fe]=10%
e + H* + COz5 + Fe(OH)3amph. = FeCOs3 + 2H20 -11.0 -46.2 +0.479 -0.113 -1.90 pH =38
Amorphous "Goethite” Carbonation/Reduction Pco. =102 atm
2
8¢ + 9H* + SO*+ = HS + 4H20 -5.74 -24.0 +0.249 -0.278 -4.70 pH =8
Sulfate Reduction
8¢ + IOH* + SO*¢ = HxS" + 4H:0 -6.93 -28.9 +0.301 -0.143 2.42 pH=6
Sulfate Reduction
8¢ + 8H* + CO2s = CHay + 2H20 -3.91 -16.4 +0.169 -0.259 -4.39 pH =7
Methanogenesis Pco. =107
2
Peu,=10°
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AG®e AG®: E° Eh pe Conditions
HALF-CELL REACTIONS (keal/ ®J/ ™) ") for Eh and pe §
equiv)’ | equiv)’
ELECTRON-DONOR (OXIDATION) HALF CELL REACTIONS

12H20 + CsHs = 6CO2 + 30H* + 30e +2.83 +11.8 -0.122 +0.316 | +5.34 pH=7
Benzene Oxidation Pco, =10

14H20 + CsHsCH; = 7C02 + 36H* + 36e +2.96 +12.4 -0.128 +0.309 | +5.22 pH=7
Toluene Oxidation Pco, =107

16H20 + CsHsC:Hs =5 8COz2 + 42H* + 42¢ +2.96 +12.4 -0.128 +0.309 | +5.21 pH=7
Ethylbenzene Oxidation Pco, =107
I6H;0 + C6H4(CH3); = 8CO2 + 42H* + 42¢ +3.02 | +127 | 43 | 0305 | -5.88 pH = 72

m-Xylene Oxidation Peo, =10

20H20 + CioHs = 10CO2 + 48H* + 48¢ +2.98 +12.5 -0.130° +0.309 +5.22 pH=17
Naphthalene Oxidation Pco, =107

18H20 + CsH3(CH3)3 = 9CO:2 + 48H* + 48¢ +3.07 +12.8 -0.133* +0.303 | +5.12 pH =7
1,3,5-Trimethylbenzene Oxidation Pco, =102

18H20 + CsH3(CH3)3 = 9CO2 + 48H* + 48¢ +3.07 +12.9 -0.134* +0.302 | +5.11 pH =7
1,2,4-Trimethylbenzene Oxidation Pco,=107

12H20 + CeéHsCl = 6COz2 + 29H* + 28¢” + CI +2.21 +9.26 -0.096? +0.358 +6.05 pH=7
Chlorobenzene Oxidation Pco, =107

NOTES:

* = AG® for half cell reaction as shown divided by the number of electrons involved in reaction.

§ = Conditions assumed for the calculation of Eh and pe (pe = Eh/0.05916). Where two dissolved species are involved, other

than those mentioned in this column, their activities are taken as equal. Note, this does not affect the free energy values

listed.

* = E° calculated using the following equation; E ° = AG°r(J/nF) * 1.0365x10°® (VF/J) from Stumm and Morgan, 1981

k:\myrtle\tables\appendxe.doc




Coupled Oxidation Reactions

AG®r AG°r Stoichiometric Mass Ratio
Coupled Benzene Oxidation Reactions (kcal/mole (kJ/mole of Electron Acceptor to
Benzene) Benzene) Compound
750, + C¢Hs = 6CO25 + 3H20 -765.34 -3202 3.07:1
Benzene oxidation /aerobic respiration
6NO3 +6H* + CsHs => 6C0z5 +6H20 + 3Nz, -775.75 -3245 4.77:1
Benzene oxidation / denitrification
30H* + I5MnO; + CsHs = 6CO2g +ISMn** + 18H,0 -765.45 -3202 10.56:1
Benzene oxidation / manganese reduction '
3.75 NOs + CeéHs + 7.5 H* + 0.75 H20 = 6 CO2 + 3.75 NH«* -524.1 -2193 2.98:1
Benzene oxidation / nitrate reduction
60H* + 30Fe(OH);, + CsHs = 6CO; + 30Fe** + 78H,0 -560.10 -2343 21.5:1
Benzene oxidation / iron reduction
T5H* + 375503 + CsHs = 6C05 + 375H,5°+3H,0 -122.93 -514.3 4.61:1
Benzene oxidation / sulfate reduction
4.5H20 + CsHs= 2.25C03, +3.75CH4 -32.40 -135.6 0.77:1
Benzene oxidation / methanogenesis
AG®, AG®, Stoichiometric Mass Ratio
Coupled Ethylbenzene Oxidation reactions kcal/mole kJ/mole of Electron Acceptor to
Ethylbenzene Ethylbenzene Compound
10.50, + CsHsC:Hs = 8C0:, + 5H,0 -1066.13 4461 3.17:1
Ethylbenzene oxidation /aerobic respiration
8.4NO; + 84H* + CsHsC:Hs = 8CO0z; + 9.2H:0 +4.2Ny, -1080.76 4522 4.92:1
Ethylbenzene oxidation / denitrification
42HT + 21MnO, + C4HsCoHg = 8CO, + 21Mn“™ + 26H,0 -1066.27 4461 17.24:1
Ethylbenzene oxidation / manganese reduction
84H* + 42Fe(OH);, + CsHsC:Hs => 8CO; + 42Fe** + 110H,0 -778.48 -3257 22.0:1
Ethylbenzene oxidation / iron reduction
10.5H* + 5.25805 + CsHsC:Hs = 8COz, +5.25H,S° + 5H:0 -166.75 -691.7 4.75:1
Ethylbenzene oxidation / sulfate reduction
5.5H:0 + CsHsC:Hs = 2.75C0,, + 5.25CH4 -39.83 -166.7 0.79:1
Ethylbenzene oxidation / methanogenesis
AGS, AG®, Stoichiometric Mass Ratio
Coupled Naphthalene Oxidation Reactions (kcal/mole (kI/mole of Electron Acceptor to
naphthalene) naphthalene) Compound
120, + CjoHy= 10CO,+ 4H,0 -1217.40 -5094 3.00:1
Naphthalene oxidation /aerobic respiration
9.6NOs + 9.6H* + CyoHy = 10C0; + 8.8H,0 + 4.8N;, -1234.04 -5163 4.65:1
Naphthalene oxidation / denitrification
24MnO: + 48H* + CyoHy = 10CO; + 24Mn** + 28H,0 -1217.57 -5094 16.31:1
Naphthalene oxidation / manganese reduction
48Fe(OH)sa + 96H* + CjoHy = 10CO, + 48Fe** + 124H,0 -932.64 -3902 40.13:1
Naphthalene oxidation / iron reduction
650+ I2H* + CyoHy = 10CO, + 6H,S° + 4H,0 -196.98 -824.2 4.50:1
Naphthalene oxidation / sulfate reduction
8H,0 + C)Hy = 4C0, + 6CH, -44.49 -186.1 1.13:1

Naphthalene oxidation / methanogenesis
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Coupled Benzo(k)fluoranthene Oxidation Reactions

Stoichiometric Mass Ratio of
Electron Acceptor to Compound

53:1
18.4NO3™ + 18.4 vt + CyoHg = 20COy + 15.2H0 + 9.2Ny 4.53
Benzo(k)fluoranthene oxidation/denitrification
+ + 15.88:1"

46 MnO; + 92H™ + CygHyp = 20CO; + 46 M2t + 52H,0
Benzo(k)fluoranthene oxidation/manganese reduction

39.06:1
92Fe(OH); + 184H* + CyH;, = 20CO, + 92F&2+ + 236H,0
Benzo(k)fluoranthene oxidation/iron reduction

4.38:1
11.5 SO + 23H* + C3H;; = 20CO, + 11.5 HyS + 6H,0
Benzo(k)fluoranthene oxidation/sulfate reduction

0.73:1

17H,0 + CyoH, = 8.5CO, + 11.5CH,
Benzo(k)fluoranthene oxidation/methanogenesis

Coupled Benzo(b)fluoranthene Oxidation Reactions

Stoichiometric Mass Ratio of
Electron Acceptor to Compound

18.4NO3~ + 18.4 HT + CypHpp = 20COy + 15.2H30 + 9.2Np 4.33:1
Benzo(b)fluoranthene oxidation/denitrification
+ + 15.88:1

46 MnOy + 92H™ + CygHyp = 20CO; + 46 M2+ + 52Hy0
Benzo(b)fluoranthene oxidation/manganese reduction

39.06:1
92Fe(OH); + 184H* + CyH;, => 20CO, + 92Fe2+ + 236H,0
Benzo(b)fluoranthene oxidation/iron reduction
11.5 SO2" + 23H* + CyH;5 = 20CO, + 11.5 H,S + 6H,0 4.38:1
Benzo(b)fluoranthene oxidation/sulfate reduction

0.73:1

17H,0 + CyoH, = 8.5C0O, + 11.5CH,
Benzo(b)fluoranthene oxidation/methanogenesis




Coupled Benzo(a)pyrene Oxidation Reactions

Stoichiometric Mass Ratio of
Electron Acceptor to Compound

18.4NO5" + 18.4 HF + CyoHig = 20C0; + 15.2H,0 + 92N, 4.53:1
Benzo(a)pyrene oxidation/denitrification
+ + - 15.88:1
46 MnOy + 92H™ + CyoHpg = 20CO; + 46 M2+ + 52Hy0
Benzo(a)pyrene oxidation/manganese reduction
39.06:1
92Fe(OH); + 184H* + CyH;, = 20CO, + 92Fe2+ + 236H,0
Benzo(a)pyrene oxidation/iron reduction
2. + 4.38:1
11.5 SO, + 23H* + CyH;, = 20C0O, + 11.5K,S + 6H,0
Benzo(a)pyrene oxidation/sulfate reduction
0.73:1

17H,0 + C,oH;, = 8.5CO, + 11.5CHy
Benzo(a)pyrene oxidation/methanogenesis

Coupled Benzo(a)anthracene Oxidation Reactions

Stoichiometric Mass Ratio of
Electron Acceptor to Compound

16.8 NO;~ + 16.8H* + CgH;, = 18CO, + 14.4 H,0 + 8.4N, 4.57:1
Benzo(a)anthracene oxidation/denitrification

42MnO, + 84H* + CgH,, = 18CO, + 42Mr?* + 48H,0 v 16.03:1
Benzo(a)anthracene oxidation/manganese reduction

84Fe(OH); + 168H* + CygH;, = 18CO, + 84Fe2+ + 216H,0 39.42:1
Benzo(a)anthracene oxidation/iron reduction

10.5S0,% + 21H* + C;gH;, = 18CO, + 10.5H,S + 6 H,0 4.42:1
Benzo(a)anthracene oxidation/sulfate reduction

15H,0 + C;gH;, = 7.5CO, + 10.5CH, 0.74:1

Benzo(a)anthracene oxidation/methanogenesis

equates.doc




Coupled Acenaphthene Oxidation Reactions

Stoichiometric Mass Ratio of
Electron Acceptor to Compound

4.67:1
11.6NO5™ + 11.6H* + C;,H,y = 12CO, + 10.8H,0 + 5.8N,
Acenaphthene oxidation/denitrification
: 16.38:1
Acenaphthene oxidation/manganese reduction
40.30:1
58Fe(OH); + 116H* + Cj,H;q = 12CO, + 58Fe2* + 150H,0
Acenaphthene oxidation/iron reduction
4.52:1
7.25504% + 14.5H* + C,H;y = 12CO, + 7.25 K,S + 5H,0
Acenaphthene oxidation/sulfate reduction
0.75:1

9.5H,0 + CpH;( = 4.75C0O, + 7.25CH,
Acenaphthene oxidation/methanogenesis

Coupled Methyl tert butylether Oxidation Reactions

Stoichiometric Mass Ratio of
Electron Acceptor to Compound

6NO;™ + 6H*T + C;0Hj, = 5CO, + 9H,0 + 3N, 4.23:1
Methyl tert butyl ether oxidation/denitrification

15MnO, + 30H* + CsOH;, = 5CO, + 15Me2+ + 21H,0 14.83:1
Methyl tert butyl ether oxidation/manganese reduction

30 Fe(OH); + 60H* + CsOH;, => 5CO, + 30Fe2* + 81H,0 36.48:1
Methyl tert butyl ether oxidation/iron reduction

3.75804% + 7.5H* + C50H;, = 5CO, + 3.75H,S + 6H,0 4.09:1
Methyl tert butyl ether oxidation/sulfate reduction

1.5H,0 + CsH;,0 = 1.25CO, + 3.75CH, 0.68:1

Methyl tert butyl ether oxidation/methanogenesis

equates.doc




Gibbs Free Energy of Formation for Species used in Half-Cell reactions

. and Coupled Oxidation-Reduction Reactions
Species State AG°r298.15 Source
(kcal/mole)
e i 0 std
H* i 0 std
02 g 0 std
H20 1 -56.687 Dean (1972)
Carbon Species
CO2 g -94.26 Dean (1972)
CH20, formalydehyde aq -31.02 Dean (1972)
CsHs, benzene 1 +29.72 Dean (1972)
CH4, methane g -12.15 Dean (1972)
CsHsCH